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(54) Field emission image display apparatus and control method thereof 



(57) In a display panel constituted by an airtight con- 
tainer substantially evacuated in which a plurality of 
spacers are interposed between an electron source on 
which a plurality of electron-emitting devices are ar- 
ranged, and a face plate which is arranged in corre- 
spondence with the electron source and has a fluores- 
cent substance for emitting light by collision against 
electrons, an acceleration electrode is arranged on the 



face plate side and receives a high voltage to accelerate 
electrons emitted by the electron source toward the flu- 
orescent substance. A discharge phenomenon gener- 
ated by application of the high voltage via the spacer, or 
a current according to the discharge is detected. The 
acceleration electrode is made up of a plurality of divid- 
ed electrodes to accurately grasp the location where the 
discharge occurred. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invent ion relates to an image dis- 
play apparatus which displays an image by the emitted 
electrons, and control method of the apparatuses. 

DESCRIPTION OF THE RELATED ART 

[0002] Conventionally, two types of devices, namely 
hot and cold cathode devices, are known as electron- 
emitting devices. Known examples of the cold cathode 
devices are surface-conduction type emission devices, 
field emission type electron-emitting devices (to be re- 
ferred to as FE type electron-emitting devices hereinaf- 
ter), and metal/insulator/metal type electron-emitting 
devices (to be referred to as MIM type electron-emitting 
devices hereinafter). 

[0003] Known examples of the FE type electron-emit- 
ting devices are described in W.P. Dyke and W.W. Do- 
Ian, "Field emission", Advance in Electron Physics, 8, 
89 (1956) and C.A. Spindt, "Physical properties of thin- 
film field emission cathodes with molybdenium cones", 
J. Appl. Phys., 47, 5248 (1976). 

[0004] A known example of the surface-conduction 
type emission devices is described in, e.g., M.I. Elinson, 
"Radio Eng. Electron Phys., 10, 1290 (1965) and other 
examples will be described later. 
[0005] The surface-conduction type emission device 
utilizes the phenomenon that electrons are emitted by 
a small-area thin film formed on a substrate by flowing 
a current parallel through the film surface. The surface- 
conduction type emission device includes electron- 
emitting devices using an Au thin film [G. Dittmer, "Thin 
Solid Films", 9,317 (1972)], an In 2 03/Sn0 2 thin film [M. 
HartwellandC.G. Fonstad, "IEEE Trans. EDConf.", 519 
(1975)], a carbon thin film [Hisashi Araki et al., "vacu- 
um", Vol. 26, No. 1 , p. 22 (1 983)], and the like, in addition 
to an Sn0 2 thin film according to Elinson mentioned 
above. 

[0006] Fig. 27 is a plan view showing the device by 
M. Hartwell et al. described above as a typical example 
of the device structures of these surface-conduction 
type emission devices. Referring to Fig. 27, reference 
numeral 3001 denotes a substrate; and 3004, a conduc- 
tive thin film made of a metal oxide formed by sputtering. 
This conductive thin film 3004 has an H-shaped pattern, 
as shown in Fig. 27. An electron-emitting portion 3005 
is formed by performing electrification processing (re- 
ferred to as forming processing to be described later) 
with respect to the conductive thin film 3004. An interval 
L in Fig. 27 is set to 0.5 to 1 mm, and a width W is set 
to 0.1 mm. 

[0007] In the conventional electron-emitting devices, 
the electron-emitting portion 3005 is generally formed 



by performing electrification processing called forming 
processing for the conductive thin film 3004. In the form- 
ing processing, for example, a DC voltage or a voltage 
which increases at a very low rate of, e.g., 1 V/min is 

5 applied across the conductive thin film 3004 to partially 
destroy or deform the conductive thin film 3004, thereby 
forming the electron-emitting portion 3005 with an elec- 
trically high resistance. Note that the electron -emitting 
portion 3005 is a fissure formed in part of the conductive 

10 thin film 3004. Electrons are emitted near the fissure by 
applying a predetermined voltage across the electron- 
emitting portion 3005. 

[0008] Fig. 28 is a sectional view showing the device 
by C.A. Spindt et al. described above as a typical exam- 

15 pie of the FE type device structure. In Fig. 28, reference 
numeral 3010 denotes a substrate; 3011 , emitter wiring 
made of a conductive material; 3012, an emitter cone; 
3013, an insulating layer, and 3014, a gate electrode. In 
this device, a voltage is applied between the emitter 

20 cone 3012 and gate electrode 3014 to emit electrons 
from the distal end portion of the emitter cone 3012. 
[0009] As another FE type device structure, there is 
an example in which an emitter and gate electrode are 
arranged on a substrate to be almost parallel to the sur- 

25 face of the substrate, in addition to the multilayered 
structure of Fig. 28. 

[0010] A known example of the MIM type electron- 
emitting devices is described in C.A. Mead, "Operation 
of Tunnel-Emission Devices", J. Appl. Phys., 32,646 

30 (1 961 ). Fig. 29 shows a typical example of the MIM type 
device structure. Fig. 29 is a sectional view of the MIM 
type electron-emitting device. In Fig. 29, reference nu- 
meral 3020 denotes a substrate; 3021 , a lower electrode 
made of a metal; 3022, a thin insulating layer having a 

35 thickness of about 1 00 A; and 3023, an upper electrode 
made of a metal and having a thickness of about 80 to 
300 A. In the MIM type electron-emitting device, an ap- 
propriate voltage is applied between the upper and low- 
er electrodes 3023 and 3021 to emit electrons from the 

40 surface of the upper electrode 3023. 

[001 1 ] Since the above-described cold cathode devic- 
es can emit electrons at a temperature lower than that 
for hot cathode devices, they do not require any heater. 
The cold cathode device has a structure simpler than 

45 that of the hot cathode device and can shrink in feature 
size. Even if a targe number of devices are arranged on 
a substrate at a high density, problems such as heat fu- 
sion of the substrate hardly arise. In addition, the re- 
sponse speed of the cold cathode device is high, while 

50 the response speed of the hot cathode device is low be- 
cause it operates upon heating by a heater. For this rea- 
son, applications of the cold cathode devices have en- 
thusiastically been studied. 

[0012] Of cold cathode devices, the above surface- 
55 conduction type emission devices have a simple struc- 
ture and can be easily manufactured, and thus many 
devices can be formed on a wide area. As disclosed in 
Japanese Patent Laid-Open No. 64-31332 filed by the 
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present applicant, a method of arranging and driving a 
lot ot devices has been studied. 
[001 3] Regarding applications of the surface-conduc- 
tion type emission devices to, e.g., image forming ap- 
paratuses such as an image display apparatus and an 
image recording apparatus, charge beam sources, and 
the like have been studied. 

[0014] Particularly as an application to image display 
apparatuses, as disclosed in the U.S. Patent No. 
5,066,833 and Japanese Patent Laid-open Nos. 
2-257551 and 4-281 37 filed by the present applicant, an 
image display apparatus using the combination of an 
surface-conduction type emission device and a fluores- 
cent substance which emits light upon reception of an 
electron beam has been studied. This type of image dis- 
play apparatus using the combination of the surface- 
conduction type emission device and the fluorescent 
substance is expected to exhibit more excellent charac- 
teristics than other conventional image display appara- 
tuses. For example, compared with recent popular liquid 
crystal display apparatuses, the above display appara- 
tus is superior in that it does not require any backlight 
because it is of a self-emission type and that it has a 
wide view angle. 

[001 5] A method of driving a plurality of FE type elec- 
tron-emitting devices arranged side by side is disclosed 
in, e.g., U.S. Patent No. 4,904,895 filed by the present 
applicant. As a known example of an application of FE 
type electron-emitting devices to an image display ap- 
paratus is a flat display apparatus reported by R. Meyer 
et al. [R. Meyer: "Recent Development on Microtips Dis- 
play at LETI", Tech. Digest of 4th Int. Vacuum Microe- 
lectronics Conf., Nagahama. pp. 6-9 (1991)]. 
[0016] An example of an application of a larger 
number of MIM type electron-emitting devices arranged 
side by side to an image display apparatus is disclosed 
in Japanese Patent Laid-Open No. 3-55738 filed by the 
present applicant. 

SUMMARY OF THE INVENTION 

[0017] The present inventors have examined cold 
cathode devices of various materials, various manufac- 
turing methods, and various structures, in addition to the 
above-mentioned conventional cold cathode devices. 
Further, the present inventors have made extensive 
studies on a muiti electron source having a large number 
of cold cathode devices, and an image display appara- 
tus using this multi electron source. The present inven- 
tors have examined a multi electron source having an 
electrical wiring method shown in, e.g., Fig. 30. That is, 
a large number of cold cathode devices are two-dimen- 
sionally arranged in a matrix to obtain a multi electron 
source, as shown in Fig. 30. 

[0018] Referring to Fig. 30, reference numeral 4001 
denotes a cold cathode device; 4002, a row wiring; and 
4003, a column wiring. The row and column wirings 
4002 and 4003 actually have finite electrical resistanc- 



4 

es, which are represented as wiring resistances 4004 
and 4005 in Fig. 30. This wiring method is called a sim- 
ple matrix wiring method. For the illustrative conven- 
ience, the multi electron source is illustrated in a 6 x 6 

5 matrix, but the size of the matrix is not limited to this. 
For example, in a multi electron source for an image dis- 
play apparatus, a number of devices enough to perform 
desired image display are arranged and wired. 
[0019] In a multi electron source constituted by ar- 

10 ranging cold cathode devices in a simple matrix, appro- 
priate electrical signals are applied to the row and col- 
umn wirings 4002 and 4003 to output a desired electron 
beam. For example, to drive the cold cathode devices 
on an arbitrary row in the matrix, a selection voltage Vs 

'5 is applied to the column wiring 4002 on the row to be 
selected, and at the same time a non-selection voltage 
Vns is applied to the row wirings 4002 on an unselected 
row. In synchronism with this, a driving voltage Ve for 
out putting an electron beam is applied to the column wir- 

20 jng 4003. According to this method, when voltage drops 
across the wiring resistances 4004 and 4005 are ne- 
glected, a voltage (Ve - Vs) is applied to the cold cathode 
devices on the selected row, while a voltage (Ve - Vns) 
is applied to the cold cathode devices on the unselected 

25 row. When the voltages Ve, Vs, and Vns are set to ap- 
propriate magnitudes, an electron beam having a de- 
sired intensity must be output from only the cold cathode 
device on the selected row. When different driving volt- 
ages Ve are applied to respective column wirings, elec- 

30 tron beams having different intensities must be output 
from the respective devices of the selected row. A 
change in length of time for which the driving voltage Ve 
is applied necessarily causes a change in length of time 
for which an electron beam is output. 

35 [0020] The multi electron source constituted by ar- 
ranging cold cathode devices in a simple matrix has a 
variety of applications. For example, when an electrical 
signal corresponding to image information is appropri- 
ately applied, the multi electron source can be suitably 

40 used as an electron source for an image display appa- 
ratus. 

[0021] Fig. 31 is a perspective view of an example of 
a display panel for a flat image display apparatus using 
the multi electron source where part of the panel is re- 

45 moved for showing the internal structure of the panel. 
[0022] In Fig. 31, reference numeral 3115 denotes a 
rear plate; 31 1 6, a side wall; and 31 1 7, a face plate. The 
rear plate 31 1 5, side wall 31 1 6, and face plate 31 1 7 form 
an envelope (airtight container) for keeping the interior 

so of the display panel vacuum. 

[0023] The rear plate 31 1 5 is fixed to a substrate 3111. 
N x M cold cathode devices 3112 are formed on the 
substrate 3111. Note that N and M are positive integers 
equal to 2 or more, and properly set in accordance with 

55 a target number of display pixels. The N x M cold cath- 
ode devices 3112 are wired by M row wirings 3113 and 
N column wirings 3114, as shown in Fig. 31 . The portion 
constituted by the substrate 3111 , cold cathode devices 
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3112, and row and column wirings 3113 and 3114 will 
be referred to as a multi electron source. At an intersec- 
tion of the row and column wirings 3113 and 3114, an 
insulating layer (not shown) is formed between them to 
maintain electrical insulation. 

[0024] A fluorescent film 3118 is formed from a fluo- 
rescent substance under the face plate 3117, and color- 
ed in three, red (R), green (G), and blue (B) primary 
colors (see Figs. 18A and 18B). A black conductive ma- 
terial (1010 in Figs. 18A and 18B) is provided between 
fluorescent substances of respective colors forming the 
fluorescent film 3118. A metal back 311 9 is formed from 
made of Al (aluminum) or the like on the surface of the 
fluorescent film 3118 on the rear plate 3115 side. 
[0025] Terminals D x1 to D^, D y1 to D yN , and Hv are 
connection terminals for the airtight structure provided 
to electrically connect the display panel to a driving cir- 
cuit (to be described later). The terminals D xl to D xM are 
electrically connected to the row wirings 31 1 3 of the mul- 
ti electron source; D y1 to D yN , to the column wirings 
3114 of the multi electron source; and Hv, to the metal 
back 3119. 

[0026] The interior of the airtight container is kept at 
a vacuum of about 10" 6 Torr. As the display area of the 
image display apparatus increases, demand is arising 
for any means for preventing deformation or destruction 
of the rear and face plates 31 1 5 and 3117 caused by the 
difference between inner and outer pressures of the air- 
tight container. If destruction is prevented by making the 
rear and facing plates 311 5 and 311 7 thick, this increas- 
es the weight of the image display apparatus, and gen- 
erates distortion and parallax of an image when viewed 
diagonally. For this reason, the display panel in Fig. 31 
adopts a structure support (to be referred to as a spacer 
or rib) 31 20 which is made of a relatively thin glass plate 
and supports the airtight container against the atmos- 
pheric pressure. This spacer generally keeps the inter- 
val between the substrate 311 1 having the multi electron 
source and the face plate 3117 having the fluorescent 
film 3118 at sub-mm to several mm, thereby keeping the 
interior of the airtight container in a high-vacuum state, 
as described above. 

[0027] When a voltage is applied to respective cold 
cathode devices 3112 via the external terminals to 
a* 10 * D yi to D yN > the image display apparatus using 
the above display panel emits electrons from the cold 
cathode devices 3112. At the same time, a high voltage 
of several hundred V to several kV is applied to the metal 
back 311 9 via the external terminal Hv to accelerate the 
emitted electrons and collide them against the face plate 
31 1 7. Then, fluorescent substances of respective colors 
in the fluorescent film 3118 are excited to emit light, 
thereby displaying a color image. 
[0028] One side (upper surface) of the structure sup- 
port (spacer) 3120 is joined to the metal back 3119 for 
applying a high voltage, and the lower surface is mount- 
ed on the row wiring. In driving the display panel, the 
upper surface of the spacer 3120 receives a high volt- 



age, and its lower surface receives a scanning voltage. 
[0029] In Fig. 31 , a conductive film material (e.g., NiO) 
or the like is deposited on the entire surface of the spac- 
er 31 20. This conductive film is formed to make the elec- 

s trie field inside the display panel uniform upon applica- 
tion of a high voltage. The film resistance is set to a re- 
sistance value of about 1 x 10 8 to 1 X 10 9 . 
[0030] Accordingly, a current (to be referred to as a 
spacer current) from the high-voltage source flows from 

io the metal back 3119 to the row wiring via the spacer 
3120. 

[0031] Fig. 32 is a sectional view showing a display 
panel for an image display apparatus using a multi elec- 
tron source manufactured by the present inventors. 

15 [0032] For the illustrative convenience, Fig. 32 does 
not show any row and column wirings and the like on 
the substrate 311 1 and shows only one cold cathode de- 
vice 3112 (surface-conduct ion emission type device in 
Fig. 32) in a matrix layout. The metal back 3119 having 

20 an anode electrode, fluorescent substance, and the like 
is formed at a position where the metal back 311 9 faces 
the substrate 3111. The substrate 311, face plate, and 
support frame (not shown) form a vacuum container. 
The cold cathode device 3112 is incorporated in the 

25 high-vacuum container. Reference numeral 4104 de- 
notes a signal source for driving the cold cathode device 
3112; and 4105, a high-voltage source for applying a 
high voltage between the substrate 311 1 and metal back 
3119. As shown in Fig. 32, electrons emitted by the cold 

30 cathode device 31 1 2 are attracted upward by the metal 
back 31 1 9 receiving a high voltage from the high-voltage 
source 4105, and collide against the fluorescent sub- 
stance facing the cold cathode device 3112. 
[0033] In some cases, unexpected discharge occurs 

35 in the container in which electron-emitting devices are 
arranged. The unexpected discharge may damage 
electron-emitting devices and wirings such as row and 
column wirings to a non-negligible degree. If unexpect- 
ed discharge frequently occurs, problems arise. 

40 [0034] When the above image display apparatus is 
used in a very severe environment or used abnormally, 
faults abruptly occur in the image display apparatus. For 
example, static electricity influences the driving circuit 
in a very dry environment, or heat, which is difficult to 

45 dissipate at a very high ambient temperature, influences 
operation of the driving circuit system. 
[0035] One aspect according to the present invention 
has the following arrangement. 

[0036] An image display apparatus comprises a dis- 
50 play panel, and detection means for detecting a state of 
the display panel, wherein the image display apparatus 
is controlled in accordance with the state of the display 
panel. 

[0037] Since the arrangement of this aspect adopts 
55 the detection means, the state of the display panel can 
be detected to control the image display apparatus at 
good timing. In particular, the present invention can pref- 
erably prolong the service life of the display panel under 
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this control and suppress deterioration of characteristics 
to allow using the display panel for a long time. From 
this viewpoint, a desirable detection device is performed 
in a non-destructive condition in order to detect the state 
of the display panel. 

[0038] The state of the display panel is preferably 
electrically detected. 

[0039] For example, the state of the display panel can 
be detected by detecting a current flowing through the 
display panel, and especially a current flowing through 
an electrode arranged on the display panel. 
[0040] When the display panel comprises an electron 
source and an acceleration electrode for accelerating 
an electron output from the electron source, the detec- 
tion means detects a current flowing through the accel- 
eration electrode. 

[0041] The state of the display panel is preferably de- 
tected at a plurality of portions on the display panel, e. 
g., by measuring currents flowing through a plurality of 
portions on the display panel. Detection at the plurality 
of portions enables detecting the state of the display 
panel in units of the plurality of portions. 
[0042] For example, when the display panel compris- 
es an electron source and a plurality of acceleration 
electrodes for accelerating electrons output from the 
electron source, the detection means individually de- 
tects currents flowing through the plurality of accelera- 
tion electrodes. 

[0043] The display panel may comprise an electron 
source and an acceleration electrode for accelerating 
an electron output from the electron source, and the de- 
tection means may detect a current flowing through a 
current path between the electron source and the accel- 
eration electrode. The current path is set by a structure 
arranged between the electron source and the acceler- 
ation electrode. For example, the structure is a spacer 
for maintaining the interval between the electron source 
and the front plate on which the acceleration electrode, 
fluorescent substance, or the like is arranged. If a cur- 
rent flowing through the current path is not directly de- 
tected, this current can be indirectly detected by detect- 
ing a current flowing through the acceleration electrode 
or the potential of the acceleration electrode. This cur- 
rent path is preferably arranged outside the image for- 
mation area within the display panel. 
[0044] The display panel may comprise an electron 
source, and the electron source may comprise an elec- 
tron-emitting device for emitting an electron for display- 
ing an image, and an electron-emitting device arranged 
to detect the state of the display panel. In this case, the 
electron-emitting device arranged to detect the state of 
the display panel is preferably set outside the image dis- 
play area. 

[0045] The display panel may comprise an electron 
source, an acceleration electrode for accelerating an 
electron output from the electron source, and an elec- 
tron capture electrode arranged to detect the state of 
the display panel. In particular, a potential applied to the 



electron capture electrode is preferably closer to the po- 
tential of the electron source than the potential of the 
acceleration electrode for accelerating an electron for 
displaying an image. An electron-emitting device for out- 

s putting an electron to the electron capture electrode may 
be arranged separately from the electron-emitting de- 
vice for emitting an electron for forming an image. 
[0046] The detection means may detect the state of 
the display panel by detecting a potential of the display 

10 panel. 

[0047] The detection means detects the state of the 
display panel by detecting a potential of an electrode 
arranged in the display panel. 

[0048] The display panel may comprise an electron- 
is emitting device, and the detection means may detect the 
state of the display panel by detecting a potential of an 
electrode electrically isolated from the electron-emitting 
device. 

[0049] The display panel may comprise an electron 
20 source for outputting electrons, and the detection 
means may detect the state of the display panel by de- 
tecting a potential of an electrode arranged on the elec- 
tron source. 

[0050] When the display panel may comprise an elec- 
ts tron source for outputting electrons, the state of the dis- 
play panel may be detected while no electron is emitted 
by the electron source. Consequently, the state of the 
display panel can be detected while reducing the influ- 
ence of output of electrons from the electron source. For 
30 example, when the display panel comprises an electron 
source having a plurality of electron-emitting devices 
and the electron source outputs electrons from respec- 
tive electron-emitting devices while sequentially switch- 
ing electron-emitting devices selected from the plurality 
35 of electron-emitting devices, the state of the display pan- 
el is detected when electron-emitting devices to be se- 
lected are switched. 

[0051] The detection means detects discharge in the 
display panel, or even if discharge is not directly detect- 

40 ed, detects a state about discharge. The detection 
means may detect a state about power consumption in 
the display panel such that the detection means detects 
a current flowing through the spacer. 
[0052] The detection means may detect a change in 

45 state of the display panel. 

[0053] If the image display apparatus comprises 
memory means for storing information detected by the 
detection means, the state of the panel can be prefera- 
bly recorded. 

so [0054] The memory means stores information about 
the number of abnormalities in the display panel, infor- 
mation about a generation location of an abnormality in 
the display panel, or information about either one or both 
of a generation time and/or date and an end time and/ 

55 or date of an abnormality in the display panel. 

[0055] Control of the image display apparatus in ac- 
cordance with the state of the display panel is transfer 
of information by information transfer means. As the in- 
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formation transfer means, means using visual display 
or means for generating voice can be preferably used. 
[0056] Control of the image display apparatus in ac- 
cordance with the state of the display panel is control of 
transferring information for prompting an information re- 
ceiving person to control the image display apparatus. 
The information receiving person, e.g., the user of the 
image display apparatus or the maintenance personnel 
of the image display apparatus can control to suppress 
the progress of the abnormality in accordance with the 
transferred information. 

[0057] Control of the image display apparatus in ac- 
cordance with the state of the display panel may be con- 
trol of a driving voltage of the display panel. If the state 
of the display panel becomes abnormal, the progress of 
the abnormality can be suppressed by decreasing the 
driving voltage of the display panel. More specifically, 
when the display panel comprises an electron source 
and an acceleration electrode for accelerating an elec- 
tron output from the electron source, the voltage to be 
controlled is a voltage between the electron source and 
the acceleration electrode. When the display panel com- 
prises an electron source for emitting an electron upon 
application of a voltage, the voltage to be controlled is 
the voltage for emitting an electron. 
[0058] When the display panel comprises an airtight 
container for keeping an internal pressure lower than an 
ambient pressure, control of the image display appara- 
tus in accordance with the state of the display panel may 
be control of increasing a vacuum degree in the airtight 
container. For example, the vacuum degree can be in- 
creased by containing a getter set in the airtight contain- 
er in an atmosphere substance by heating or the like. 
[0059] Control of the image display apparatus in ac- 
cordance with the state of the display panel is selected 
preferably from a plurality of control operations, and 
more preferably from a plurality of control operations in 
accordance with the state of the display panel. 
[0060] The display panel may comprise an electron 
source, and the electron source may have a plurality of 
electron-emitting devices connected in a matrix by a plu- 
rality of first wirings and a plurality of second wirings ex- 
tending in a direction intersecting to the first wirings. 
[0061] The display panel may comprise an electron 
source, and the electron source may comprise a cold 
cathode device. 

[0062] The above aspects are particularly effective 
when the display panel is kept at a vacuum degree high- 
er than an internal pressure of 10" 4 Torr when no abnor- 
mality occurs. 

[0063] The present invention includes a television and 
computer display to which the above aspects are ap- 
plied. 

[0064] A method of controlling an image display ap- 
paratus according to the present invention has the fol- 
lowing steps. 

[0065] A method of controlling an image display ap- 
paratus having a display panel comprises steps of de- 



tecting a state of the display panel, and controlling the 
image display apparatus in accordance with the detect- 
ed state. 

[0066] The electron source can be one having a lad- 
5 der-like layout in which a plurality of rows (to be referred 
to as a row direction hereinafter) of a plurality of cold 
cathode devices arranged parallel and each having two 
electrodes connected are arranged, and electrons emit- 
ted by the cold cathode devices are controlled by a con- 
10 trol electrode (to be referred to as a grid hereinafter) ar- 
ranged above the cold cathode devices along the direc- 
tion (to be referred to as a column direction hereinafter) 
intersecting to this wiring. 

[0067] According to the concepts of the present inven- 
ts tion, the image display apparatus is not limited to an im- 
age forming apparatus suitable for display, and can also 
be used as a light-emitting source instead of a light-emit- 
ting diode for an optical printer made up of a photosen- 
sitive drum, light-emitting diode, and the like. At this 
20 time, by properly selecting M row wirings and N column 
wirings, the image display apparatus can be applied as 
not only a linear light-emitting source but also a two-di- 
mensional light-emitting source. In this case, the image 
forming member is not limited to a substance which di- 
2S rectly emits light, such as a fluorescent substance used 
in the following embodiments, but may be a member on 
which a latent image is formed by charging of electrons. 
[0068] According to the concept of the present inven- 
tion, the present invention can be applied to an electron- 
ic beam apparatus such as an electron microscope in 
which the target member to be irradiated with electrons 
emitted by the electron source is not an image forming 
member such as a fluorescent substance. Hence, the 
present invention can be adopted as a genera! electron- 
is beam apparatus which does not specify any target 
member to be irradiated. 

[0069] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
40 in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 [0070] The accompanying drawings, which are incor- 
porated in and constitute part of the specification, illus- 
trate embodiments of the invention and, together with 
the descriptions, serve to explain the principle of the in- 
vention. 

so 

Fig. 1 is a block diagram showing the arrangement 
of a driving circuit for driving the display panel of an 
image display apparatus according to the first em- 
bodiment of the present invention; 
55 Fig. 2 is a timing chart for explaining a measurement 
timing according to the first embodiment; 
Fig. 3 is a partially cutaway perspective view show- 
ing the display panel of an image display apparatus 
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according to the second embodiment of the present 
invention; 

Fig. 4 is a block diagram showing the arrangement 
of a driving circuit for driving the display panel of the 
image display apparatus according to the second 5 
embodiment; 

Fig. 5 is a partially cutaway perspective view show- 
ing the display panel of an image display apparatus 
according to the third embodiment of the present 
invention; 10 
Fig. 6 is a block diagram showing the arrangement 
of a driving circuit for driving the display panel of the 
image display apparatus according to the third em- 
bodiment; 

Fig. 7 is a block diagram showing the arrangement 
of an image display apparatus according to the 
fourth embodiment of the present invention; 
Fig. 8 is a timing chart showing the driving timing of 
the image display apparatus according to the fourth 
embodiment; 20 
Fig. 9 is a partially cutaway perspective view show- 
ing the outer appearance of the image display unit 
of the image display apparatus according to the 
fourth embodiment of the present invention; 
Fig. 10 is a circuit diagram showing the circuit ar- 25 
rangement of the anode current detection unit of the 
image display apparatus according to the fourth 
embodiment; 

Fig. 1 1 is a partially cutaway perspective view show- 
ing the outer appearance of the image display unit 30 
of an image display apparatus according to the fifth 
embodiment; 

Fig. 1 2 is a block diagram showing the arrangement 
of the image display apparatus according to the fifth 
embodiment; 35 
Fig. 1 3 is a block diagram for explaining connection 
between the display panel and peripheral circuit of 
an image display apparatus according to the sixth 
embodiment of the present invention; 
Fig. 1 4 is a flow chart showing processing of detect- 40 
ing destruction of the airtight container by the con- 
trol unit according to the sixth embodiment; 
Fig. 15 is a partially cutaway perspective view 
showing the display panel of an image display ap- 
paratus according to the sixth embodiment of the 4S 
present invention; 

Fig. 1 6 is a plan view showing the substrate of a 
multi electron source used in the embodiment; 
Fig. 1 7 is a sectional view showing part of the sub- 
strate of the multi electron source used in the em- 50 
bodiment; 

Figs. 18A and 18B are plan views showing exam- 
ples of the alignment of fluorescent substances on 
the face plate of the display panel; 
Fig. 1 9 A is a plan view showing a flat surface-con- ss 
duction type emission device used in the embodi- 
ment; 

Fig. 1 9B is a sectional view showing the flat surface- 



conduction type emission device used in the em- 
bodiment; 

Figs. 20A to 20E are sectional views showing the 
steps in manufacturing the flat surface-conduction 
type emission device; 

Fig. 21 is a graph showing an application voltage 

waveform in forming processing; 

Fig. 22A is a graph showing an application voltage 

waveform in the activation processing; 

Fig. 22B is a graph showing a change in emission 

current le; 

Fig. 23 is a sectional view showing a step type of 
surface-conduction type emission device used in 
the embodiment; 

Figs. 24 A to 24F are sectional views showing the 
steps in manufacturing the step type of surface-con- 
duction type emission device; 
Fig. 25 is a graph showing the typical characteristics 
of the surface-conduction type emission device 
used in the embodiment; 

Fig. 26 is a block diagram showing a multifunctional 
image display apparatus using the image display 
apparatus according to the embodiment of the 
present invention; 

Fig. 27 is a plan view showing an example of a con- 
ventionally known surface-conduction type emis- 
sion device; 

Fig. 28 is a sectional view showing an example of 
a conventionally known FE type device; 
Fig. 29 is a sectional view showing an example of 
a conventionally known MIM type device; 
Fig. 30 is a diagram for explaining an electron-emit- 
ting device wiring method examined by the present 
inventors; 

Fig. 31 is a perspective view for explain ing the struc- 
ture of the display panel of a conventional image 
display apparatus; 

Fig. 32 is a sectional view for explaining the struc- 
ture of an image display apparatus posing problems 
which has been examined by the present inventors; 
Fig. 33 is a partially cutaway perspective view 
showing the display panel of an image display ap- 
paratus according to the seventh embodiment of 
the present invention; 

Fig. 34 is a perspective view for explaining the struc- 
ture of the image display apparatus according to the 
seventh embodiment of the present invention; 
Fig. 35 is a block diagram showing the arrangement 
of the image display apparatus according to the 
seventh embodiment of the present invention; 
Fig. 36 is a timing chart showing the potential state 
of a surface potential electrode and a failsafe timing 
signal in the seventh and eighth embodiments of the 
present invention; 

Fig. 37 is a flow chart in the seventh embodiment 
of the present invention; 

Fig. 38 is a perspective view showing an image dis- 
play apparatus which displays a notice in the sev- 
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enth and eighth embodiments; and 

Fig. 39 is a flow chart in the eighth embodiment of 

the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0071] Preferred embodiments of the present inven- 
tion will be described in detail below with reference to 
the accompanying drawings. 

[First Embodiment] 

[0072] As the first embodiment of the present inven- 
tion, a display panel using an electron-emitting device 
and a driving circuit for the display panel will be de- 
scribed in detail. The display panel of the first embodi- 
ment has the same structure as shown in Fig. 31 , and 
a detailed description thereof will be omitted. 
[0073] Fig. 1 is a block diagram showing the arrange- 
ment of a driving circuit for the display panel of an image 
display apparatus according to the first embodiment. 
[0074] In Fig. 1, reference numeral 1 denotes a dis- 
play panel using a cold cathode device (electron-emit- 
ting device: to be described in detail later). An external 
video signal (e.g., an NTSC signal) is input to a video 
signal detection circuit 2 for detecting a video signal, and 
an output from the video signal detection circuit 2 is input 
to a sync separation circuit 3 for separating and output- 
ting a video signal and horizontal and vertical sync sig- 
nals. 

[0075] The video signal separated by the sync sepa- 
ration circuit 3 is input to an A/D converter 4. The sync 
separation circuit 3 outputs the vertical and horizontal 
sync signals to vertical and horizontal scanning timing 
circuits 5 and 6, respectively. 

[0076] Outputs from the A/D converter 4 are digital da- 
ta corresponding to the luminances of R, G, and B color 
components, which are output in accordance with the 
layout of color pixels of the display panel 1 and sequen- 
tially input to a serial/parallel conversion circuit 7. The 
horizontal scanning timing circuit 6 outputs a signal Tgp 
for shifting and inputting serial digital signals to the se- 
rial/parallel conversion circuit 7. The signal T^ is a serial 
clock in synchronism with the video signal, and N signals 
l 1 to l N are stored in the serial/parallel conversion circuit 
7 in synchronism with the signal T sp . Note that the serial/ 
parallel conversion circuit 7 can be formed from, e.g., a 
shift register. 

[0077] The horizontal scanning timing circuit 6 out- 
puts a signal T m when 1 -line data of an input image is 
serial/parallel-converted. Then, outputs from the serial/ 
parallel conversion circuit 7 are latched by a line mem- 
ory 8. The line memory 8 latches the N signals I, to l N 
until a next signal T m is input. 

[0078] A modulation circuit 9 outputs a signal to the 
bases of transistors G 1 to G N respectively connected to 
wiring electrodes to D^ of the display panel 1 on 



the basis of the luminance values of the 1-line image 
data input to the line memory 8. The modulation circuit 
9 outputs a phase-modulated signal in accordance with 
a signal T^ synchronized with a scanning signal ap- 

s plied to the row wiring. While the signal T^ is output, 
the modulation circuit 9 outputs a modulated signal cor- 
responding to the luminance value of image data. The 
first embodiment employs a phase-modulated signal of 
a pulse width modulation scheme of changing the width 

10 of a voltage pulse in accordance with a luminance value. 
Therefore, a voltage +W2 is applied to the column wir- 
ing of the display panel 1 with a pulse width correspond- 
ing to the luminance value of image data. 
[0079] A scanning signal switching circuit 1 0 sequen- 

is tially selects M row wirings of the display panel 1 in syn- 
chronism with an output from the modulation circuit 9 to 
apply the voltage to the selected row wiring. The switch- 
ing timing is determined in synchronism with a horizontal 
sync signal T H output from the horizontal scanning tim- 

20 ing circuit 6. A predetermined voltage (-Vf/2) is applied 
to a selected one of the wiring electrodes D^ to D xM , 
and unselected electrodes are connected.to GND. 
[0080] The face plate (31 1 7) side of the display panel 
1 comprises a high-voltage terminal Hv which receives 

25 a high voltage for accelerating electrons emitted upon 
driving an electron-emitting device 3112 formed on a 
substrate 3111 in Fig. 31 and colliding the electrons 
against a fluorescent substance 3118. The high voltage 
is applied from an anode voltage control circuit 11 via a 

30 current detection circuit 1 2. The current detection circuit 
12 detects a current value flowing from the anode volt- 
age control circuit 11 to the high-voltage terminal Hv. 
The current detection circuit 12 realizes detection of a 
spacer current in the first embodiment. 

35 [0081] A method of detecting the spacer current will 
be explained with reference to Fig. 2. 
[0082] Fig. 2 is a timing chart for explaining a method 
of detecting the spacer current within the blanking peri- 
od of the scanning signal. In the display panel 1 of the 

40 first embodiment, a high DC voltage is applied to a face 
plate 3117 upon driving. At this time, the high voltage is 
also applied to a spacer 3120 interposed between the 
face plate 3117 and substrate 3111, and thus (spacer 
current + electron emission current (\ A + 1 2 )) flows as an 

45 anode current. For this reason, the period during which 
no electron emission current is generated, i.e., the 
blanking period between field signals as a non-display 
period during which no electron-emitting device 3112 is 
driven is suitable for detecting the spacer current with 

50 high precision. 

[0083] During the blanking period, only the spacer 
current 11 flows. The current detection circuit 12 re- 
ceives a signal Tv representing a vertical blanking peri- 
od from the vertical scanning timing circuit 5, and de- 

55 tects the spacer current during the vertical blanking pe- 
riod. 

[0084] The current detection circuit 12 detects the 
spacer current using an l/V conversion circuit or the like. 
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The spacer 3120 used in the first embodiment has a re- 
sistance value of about 1 X K^to 10 9 n. Spacers 3120 
are uniformly arranged on the display panel 1 on the or- 
der of several ten to several hundred spacers depending 
on the size of the display panel 1 . 
[0085] For example, when the spacer resistance is 1 
X 10 9 Q and the number of spacers 3120 in use is 100, 
the spacer resistance when viewed from the anode 
(face plate 3117) side is (1 X 10 9 /100), i.e., about 10 7 
Cl. If an anode voltage of 1 0 kV is applied, a current value 
flowing through the spacer 31 20 owing to an anode cur- 
rent is about 1 mA, which can be detected by the current 
detection circuit 12. 

[0086] As described above, according to the first em- 
bodiment, the spacer current can be detected on the an- 
ode-voltage application side to suppress the power con- 
sumption of the display panel 1 with respect to variations 
in spacer current. 

[0087] For example, when a spacer current measured 
during the blanking period exceeds a predetermined 
value, the current detection circuit 12 can instruct the 
anode voltage control circuit 11 to decrease the anode 
voltage or can temporarily decrease the luminance level 
of a video signal output from the sync separation circuit 
3, thereby decreasing the anode current of the whole 
display panel 1 . 

[0088] If any problem arises from heat generated from 
the display panel 1 by variations in spacer current, it can 
be solved by temporarily stopping display driving itself 
(e.g. , increasing the voltage -W2 applied to the row wir- 
ing or stopping driving itself). 

[0089] The above control can suppress actual heat 
generation and power consumption of the display panel 
1. 

[Second Embodiment] 

[0090] Fig. 3 is a perspective view of a display panel 
1a according to the second embodiment of the present 
invention where part of the display panel 1a is removed 
for showing the internal structure of the panel. 
[0091] The display panel of the second embodiment 
has almost the same structure as the display panel 
shown in Fig. 31 except that a fluorescent substance 
31 18 and a metal back 311 9 are uniformly divided on a 
face plate 31 1 7, as represented by fluorescent plates 1 3 
in Fig. 3. In addition, the second embodiment uses a 
substrate 3111 as a rear plate without using any rear 
plate 3115. The same reference numerals as in Fig. 31 
denote the same parts, and a description thereof will be 
omitted. 

[0092] The fluorescent plates 13 are used to individ- 
ually detect local variations in spacer current inside the 
display panel la, and enable detection of a partial anode 
current or the like, compared to the first embodiment. 
The second embodiment employs 10 divided fluores- 
cent plates 13, and the respective fluorescent plates 13 
comprise electrodes for applying anode voltages to 



H^o. Note that the division number of fluorescent plates 
13 is not limited to the second embodiment and can be 
arbitrarily set. 

[0093] Fig. 4 is a block diagram showing the arrange- 

s ment of a driving circuit for the display panel in Fig. 3. 
This circuit is different from the circuit in Fig. 1 in that a 
current detection circuit 14 is commonly connected to 
the high-voltage terminals to H^o of the fluorescent 
plates 13 divided on the face plate 3117 side and that a 

10 voltage distribution control circuit 15 for applying high 
voltages to the respective high-voltage terminals is ar- 
ranged. Since an anode voltage circuit 16 connected to 
the voltage distribution control circuit 1 5 and the remain- 
ing arrangement are the same as in Fig. 1 , the same 

is reference numerals as in Fig. 1 denote the same parts, 
and a description thereof will be omitted. 
[0094] The second embodiment can detect the anode 
current of the display panel la along the row wiring di- 
rection because the fluorescent substance and metal 

20 back on the face plate 3117 are divided and provided 
with high-voltage extraction portions. 
[0095] The current detection circuit 14 can detect a 
vertical blanking period from a signal Tv from a vertical 
scanning timing circuit 5 to individually detect anode cur- 

25 rents flowing into the respective divided fluorescent 
plates 13, similarly to the first embodiment. The current 
values detected in this way can be fed back to the volt- 
age distribution control circuit 15 to individually control 
voltage values applied to the terminals H vl to H v10 . 

30 [0096] The current detection circuit 14 may use an I/ 
V conversion circuit used in the first embodiment. I/V- 
converted outputs are individually output as analog volt- 
age values to the voltage distribution control circuit 15. 
[0097] When a detected anode current value is larger 

35 than a current value set for a predetermined high volt- 
age, the voltage distribution control circuit 1 5 controls a 
high voltage corresponding to the area. 
[0098] An output signal from the current detection cir- 
cuit 14 is also output to the sync separation circuit 3. 

40 With this operation, when an anode current value is larg- 
er than a predetermined value, the luminance of a video 
signal output from the sync separation circuit 3 is de- 
creased to reduce the anode current of the whole dis- 
play panel, similarly to the first embodiment. 

45 [0099] Further, the second embodiment adopts 1 0 flu- 
orescent plates 1 3 for applying the anode voltage which 
are divided along the row direction, and thus can de- 
crease only the display luminance of a desired area in 
synchronism with a row-direction scanning signal. This 

50 control performs both detection of the spacer current 
and current control in units of divided areas, so the dis- 
play luminance of the display panel la may vary depend- 
ing on the degree of control. If the luminance greatly var- 
ies and the anode current must be controlled, display 

55 driving may be stopped. In this case, application of all 
high voltages is stopped, or a voltage Vf for driving the 
device is decreased. 

[0100] As described above, according to the second 
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embodiment, the anode electrode on the face plate side 
is divided into a plurality of electrodes which are respec- 
tively provided with terminals for applying high voltages. 
This arrangement allows locally detecting variations in 
spacer current and individually controlling application of 
a high voltage with respect to each current. As a result, 
the display panel can be driven while suppressing heat 
generation and power consumption. 

[Third Embodiment] 

[0101] Fig. 5 is a perspective view of a display panel 
1b according to the third embodiment of the present in- 
vention. In Fig. 5, part of the panel is removed for show- 
ing the internal structure of the panel. 
[0102] In the third embodiment, dummy spacers 16 
are formed from the same material by the same manu- 
facturing method as spacers 3120 on a dummy wiring 
17 formed along the column wiring in the display panel 
of the second embodiment shown in Fig. 3. Similar to 
the second embodiment, the dummy spacers 16 re- 
spectively correspond to a plurality of fluorescent plates 

13 each including a fluorescent substance and metal 
back. The dummy spacers 16 are equal in number to 10 
divided fluorescent plates 13. 

[0103] The dummy wiring 17 is formed at a position 
independently of row and column wirings connecting 
electron-emitting devices 3112 laid out in a matrix. 
[0104] The first and second embodiments detect a 
current value flowing through the spacer itself in the dis- 
play panel, whereas the third embodiment detects a cur- 
rent value flowing through the dummy spacer 16. 
[0105] As described above, the dummy spacer 16 is 
formed from the same material by the same method as 
the spacer 3120, but is manufactured with a resistance 
value lower by about one or two orders of magnitudes, 
which can widen the dynamic range of a current value 
to be actually detected. 

[01 06] Fig. 6 is a block diagram showing the arrange- 
ment of a driving circuit for the display panel 1 b of the 
third embodiment. This arrangement is almost the same 
as the circuit of the second embodiment shown in Fig. 
4 except that a current detection circuit 14 measures a 
current value flowing through the dummy spacer 16. 
Similar to the second embodiment, this driving circuit 
comprises a voltage distribution control circuit 15 and 
an anode voltage circuit 16. The 10 divided fluorescent 
plates 13 are respectively provided with high-voltage 
application electrodes H vl to H v10> and high voltages are 
also applied to the dummy spacers 16. 
[01 07] A cu rrent flowing through each dummy spacer 

16 outputs to a terminal through the dummy wiring 

17 (Fig. 5) formed along the column direction. The ter- 
minal h^g is connected to the current detection circuit 

14 where a current value flowing through the terminal 
Hvg is measured to measure a current value flowing 
through each dummy spacer 16. The current may be 
detected by l/V conversion as in the second embodi- 



ment. 

[01 08] As an advantage of the third embodiment, the 
spacer current can always be detected regardless of the 
video signal because the dummy spacers 16 which re- 
5 ceive high voltages are commonly connected to the 
dummy wiring 1 7 to monitor currents flowing into the ter- 
minal Hyg. 

[0109] Note that the third embodiment adopts the di- 
vided fluorescent plates 1 3. However, the above detec- 
fo tion method detects the total of currents flowing through 
the dummy spacers 16, so the anode electrode on the 
face plate side may not be divided. 
[011 0] As described above, the current value of each 
dummy spacer 16 formed on the display panel can be 
is detected and used for application control of a high volt- 
age and control of the luminance signal level, thereby 
suppressing heat generation and power consumption of 
the display panel, similar to the first and second embod- 
iments. 

20 

[Fourth Embodiment] 

[011 1] The driving circuit of an image display appara- 
tus according to the fourth embodiment of the present 

25 invention will be explained in detail with reference to the 
accompanying drawings, tn the following description, 
similar to the above-described embodiments, the dis- 
play scanning method in the display panel is non-inter- 
lace line-sequential scanning. To display an image with 

30 gradation, the electron-emitting period within one hori- 
zontal scanning period (1H) is controlled by the time 
width of a modulated signal to control the total light-emit- 
ting quantity of the fluorescent substance and realize 
gradation expression. 

35 [011 2] Fig. 7 is a block diagram showing the arrange- 
ment of the driving circuit and connection between re- 
spective units in the image display apparatus according 
to the fourth embodiment of the present invention. 
[0113] In Fig. 7, reference numeral 6001 denotes a 

40 signal processing circuit which receives a video signal 
such as an NTSC signal to generate a horizontal sync 
signal, vertical sync signal, digital video signal, and the 
like. The signal processing circuit 6001 includes a video 
intermediate frequency circuit, video signal detection 

45 circuit, sync separation circuit, low-pass filter, A/D con- 
version circuit, timing control circuit, and the like. Refer- 
ence numeral 6004 denotes an image display unit which 
has the same arrangement as the display panel 1a (Fig. 
3) of the second embodiment except that no spacer 

50 31 20 is arranged, as will be described below with refer- 
ence to Fig. 9. Reference numeral 6002 denotes a scan- 
ning signal driver for sequentially selecting and driving 
the row wirings of the image display unit 6004. That is, 
the scanning signal driver 6002 outputs a scanning sig- 

55 nal (to be described later) for line-sequential scanning 
on the basis of a horizontal sync signal separated by the 
signal processing circuit 6001 . Reference numeral 6003 
. denotes a modulated signal driver for driving the column 
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wirings of the image display unit 6004 in accordance 
with a video signal and outputting a modulated signal 
(to be described later) based on a horizontal sync signal, 
vertical sync signal, digital video signal, and the like sep- 
arated by the signal processing circuit 6001 . 
[01 1 4] Reference numeral 6006 denotes a discharge 
detection unit which has a plurality of anode current de- 
tection units 6005 for detecting discharge generated in 
the Image display unit 6004. Discharge detected by the 
discharge detection unit 6006 is sent to a discharge re- 
cording control unit 6008 of a discharge recording unit 
6012 and stored in a memory 6009. Information stored 
in the memory 6009 may be sent to and processed by 
an external computer device or the like via an interface 
6010 and a connector 6011. The discharge detection 
unit 6006 and discharge recording unit 6012 will be de- 
scribed in detail later. 

[0115] . Fig. 8 is a timing chart showing an example of 
the voltage applied to the terminals of the row wiring (i. 
e., wiring to which the scanning signal is supplied) and 
the column wiring (i.e., wiring to which the modulated 
signal is supplied) in driving the image display unit 6004 
of the image display apparatus according to the fourth 
embodiment of the present invention. 
[0116] The timing chart in Fig. 8 shows voltages ap- 
plied to row wirings on rows 1, 1+1 , and I+2 and column 
wirings on columns J, J+1, and J+2 on the modulated 
signal side while sequentially driving the row wirings I, 
1+1, and I+2 of the image display unit 6004. In Fig. 8, 1 
< I < M-2 and 1 < J < N-2 inevitably hold. M and N rep- 
resent the total numbers row and column wirings, re- 
spectively. 

[0117] In Fig. 8, an image of the l^, row is displayed 
during one horizontal scanning period K, an image of 
the (1+1 ^ row is displayed during the period (K+1 ), and 
an image of the (l+2) m row is displayed during the period 
(K+2). 

[0118] Row wirings serving as the scanning side in 
non-interlace line-sequential scanning are sequentially 
selected every horizontal scanning period (to be re- 
ferred to as 1 H hereinafter). Row wirings on selected 
rows sequentially receive scanning signal having a 
pulse width corresponding to 1 H and a peak value -W 
2 (Vf is a driving voltage; Vf = about 2V^ (V th = th reshold 
voltage)). After the non-interlace line-sequential scan- 
ning is done for all row wirings, it is repeated from the 
first row. 

[0119] At this time, a modulated signal having a peak 
value Vf/2 is applied to all column wirings in synchro- 
nism with the scanning signal applied to the row wiring 
for a time (pulse width) corresponding to a video signal 
(luminance) displayed on a selected row. 
[0120] This modulated signal rises in synchronism 
with the trailing edge of the scanning signal, and falls 
after maintaining the peak value Vf/2 for a time width 
corresponding to the value (luminance) of the video sig- 
nal. (The period between the leading and trailing edges 
of the modulated signal will be simply referred to as the 



pulse width of the modulated signal). The pulse width of 
the modulated signal corresponds to the luminance of 
each of three, R, G, and B colors obtained when a video 
signal displayed on a selected row is color-separated. 
5 In practice, the pulse width is not simply proportional to 
the luminance because various corrections are done to 
display a high-quality image. 

[01 21] By applying a voltage having a pulse width cor- 
responding to an input video signal to each scanning 

10 row, the driving voltage Vf is applied to cold cathode de- * 
vices on a selected row for a time corresponding to the 
pulse width of the modulated signal. Since the emission 
current I e of the cold cathode device has definite thresh- 
old characteristics (to be described later) with respect 

*5 to the driving voltage Vf , an image corresponding to a 
desired video signal is displayed on a selected row. Fur- 
thermore, an image is displayed by ail cold cathode de- 
vices in the image display unit 6004 by sequentially 
scanning ail row wirings. 

20 

(Structure of Anode Electrode of Display Panel) 

[01 22] The image display unit (display panel) 6004 of 
the fourth embodiment will be explained in detail with 

25 reference to Fig. 9. 

[0123] Fig. 9 is a perspective view for explaining an 
anode electrode 7001 and its terminal in the display pan- 
el used in the fourth embodiment where part of the panel 
side wall (frame) and face plate, fluorescent substance, 

30 and like are not illustrated for showing the internal struc- 
ture of the display panel. 

[0124] In Fig. 9, reference numeral 1001 denotes a 
device substrate; 1005, a rear plate; 1006, a side wall; 
1007, a face plate; 1002, a cold cathode device; 1003, 

35 a row wiring; and 1 004, a column wiring. 

[01 25] Reference symbols D xl to D xM denote row ter- 
minals respectively connected to the row wirings 1003; 
and D y1 to D yN , column terminals respectively connect- 
ed to the column wirings 1004. The remaining structure 

40 is the same as the structure of the above-mentioned dis- 
play panel 1a, and a detailed description thereof will be 
omitted. 

[01 26] Reference numerals 7001 denote anode elec- 
trodes. As described above, the anode electrodes 7001 

45 are electrodes for applying a high voltage on the anode 
side including the fluorescent substance, black conduc- 
tive material, and metal back. In the fourth embodiment, 
as shown in Fig. 9, the anode electrodes 7001 are di- 
vided into a plurality of areas, and anode electrode ter- 

50 minals H v1 to H v10 respectively connected to the anode 
electrodes 7001 are arranged outside the vacuum con- 
tainer. For illustrative convenience, Fig. 9 does not illus- 
trate the anode electrode terminals to and cor- 
responding anode electrodes 7001 in order to explain 

55 the internal structure. 
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(Connection of Discharge Detection Unit and Discharge 
Recording Unit) 

[0127] The arrangement and operation of these an- 
ode electrodes 7001 will be explained in detail with ref- 
erence to Fig. 7. In the fourth embodiment, the dis- 
charge detection unit 6006 comprises the anode current 
detection units 6005 for detecting currents flowing 
through respective anode electrodes. 
[0128] As shown in Fig. 9, a plurality of electrodes 
7001 are arranged on the anode side of the multi elec- 
tron source, and the terminals H v1 to Hy 10 connected to 
the anode electrodes are connected to a high-voltage 
source 6007 via the anode current detection units 6005. 
The fourth embodiment employs a plurality of anode 
current detection units 6005 in order to independently 
monitor changes in anode current in a plurality of divided 
areas, thereby detecting the presence/absence and 
size of discharge in the vacuum container and accurate- 
ly detecting the area where the discharge has occurred. 
[01 29] Fig. 1 0 is a circuit diagram showing the circuit 
arrangement of the anode current detection unit 6005 
according to the fourth embodiment. 
[0130] In Fig. 10, represents an anode electrode 
terminal connected to the anode electrode 7001 of the 
display panel 6004. A resistor 6101 is a current moni- 
toring resistor for generating a voltage corresponding to 
an anode current flowing from the high-voltage source 

6007 to the anode electrode 7001 . Reference numeral 
6102 denotes a differential amplifier for amplifying the 
potential difference generated across the current mon- 
itoring resistor 6101 ; 6103, an A/D converter for convert- 
ing a voltage value amplified by the differential amplifier 

6102 into a digital signal; and 6104, a photocoupler for 
isolating the differential amplifier 6102 and A/D convert- 
er 6103 as high-voltage-side circuits from the discharge 
recording control unit 6008 in order to stand the break- 
down voltage. The sampling period of the A/D converter 

6103 is preferably short in terms of detecting very-high- 
frequency discharge, and is set to 5 usee for practical 
use in the fourth embodiment. 

[0131] With this arrangement, a voltage value corre- 
sponding to a current flowing from the high-voltage 
source 6007 to the anode electrode 7001 due to dis- 
charge is amplified by the differential amplifier 61 02 and 
converted into a digital signal, and the digital signal is 
set to and recorded on the discharge recording control 
unit 6008 via the photocoupler 6104. 
[01 32] If a mechanism for switching the gain of the dif- 
ferential amplifier 61 02 to several values is adopted to 
widen the measurement range of the anode current, the 
anode current can be detected with higher precision. 
[01 33] The discharge recording unit 601 2 of the fourth 
embodiment will be described. The discharge recording 
unit 601 2 comprises the discharge recording control unit 

6008 and a memory 6009. The discharge recording con- 
trol unit 6008 writes information (voltage value) sent 
from the anode current detection unit 6005 in the mem- 



ory 6009, and when discharge information is to be read 
out in maintenance of the image display apparatus by 
the serviceman, can read out and output information 
stored in the memory 6009. 

s [0134] If an anode current equal to or larger than a 
predetermined value is determined to flow on the basis 
of a voltage value (anode current value) detected by the 
anode current detection unit 6005, the discharge record- 
ing control unit 6008 stores in the memory 6009 the gen- 

10 eration time and date (times and dates at the start and 
end of discharge; the information can be obtained from 
an internal timer (not shown)), the magnitude of the an- 
ode current (voltage value/monitoring resistance value), 
and the area where discharge occurred (any one of ar- 

15 eas 1 to 1 0 corresponding to the terminals to H v10 ). 
In this case, information is additionally stored as history 
information in the memory 6009 without any overwrite 
so long as the memory 6009 does not overflow. 
[01 35] In the fourth embodiment, the maximum value 

20 of an emission current from one cold cathode device is 
estimated as about 1 0 uA, and the predetermined value 
of the anode current is set to 30 mA. The predetermined 
value is determined in consideration of an emission cur- 
rent when all cold cathode devices (M = 3,072) in the 

25 column direction simultaneously emit electrons owing to 
line-sequential driving. This predetermined value must 
be changed depending on the structures of the cold 
cathode device and image display unit and the magni- 
tudes of the driving voltage, anode voltage va, and the 

30 like. 

[01 36] If the memory 6009 has a sufficiently large ca- 
pacity, it may be formed from a nonvolatile memory, bat- 
tery-driven RAM, or the like. The fourth embodiment 
adopts a hard disk as the memory 6009. In reading out 

35 information from the memory 6009, the information is 
output from the external device connector 6011 via the 
interface 6010 in consideration of data consistency with 
an external device. The external device connected via 
the connector 6011 may be, e.g., a personal computer, 

40 display device for simply displaying data, or printer. 
[0137] If discharge occurs in the display panel 6004, 
information about the discharge generation time and 
date, the size of the discharge (e.g., the change amount 
of the anode current), and a rough location (area) where 

45 the discharge occurred can be recorded as a history us- 
ing the discharge detection unit 6006 and discharge re- 
cording unit 6012 with this arrangement. 
[0138] To specify the location where discharge oc- 
curred is very effective for estimating the cause of the 

50 discharge. If the cause of the discharge can be estimat- 
ed, a recovery operation can be appropriately per- 
formed. 

[01 39] For example, when discharge has concentrat- 
edly occurred in a given area and does not occur in the 
55 remaining areas, the cause can be estimated as the 
presence of an abnormal projection by a manufacturing 
error or abnormal characteristics of a cold cathode de- 
vice at that position rather than a decrease in vacuum 
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degree. 

[0140] As another example, when discharge has ran- 
domly occurred in various areas, an abnormal operation 
can be confirmed on the whole image display unit 6004, 
and the cause can be estimated as a decrease in vac- 
uum degree inside the vacuum container forming the im- 
age display unit 6004 under any influence. 
[0141] Many image display apparatuses each having 
the discharge detection unit 6006, discharge recording 
unit 6012, memory 6009, and the like were manufac- 
tured to display an image. After a long-time durability 
test was conducted, some of these image display appa- 
ratuses suffered discharge upon long-time driving even 
with a very low probability, and the history of discharge 
was stored in the memory 6009. 
[0142] One image display apparatus in which dis- 
charge occurred will be exemplified. The history infor- 
mation of discharge stored in the memory 6009 reveals 
that discharge occurred not in a DC manner but instan- 
taneously, the generation frequency increased upon the 
lapse of long time after the long-time durability test was 
conducted, the magnitude of the anode current and the 
discharge generation location (area) changed, and dis- 
charge randomly occurred. From this, the cause of the 
discharge was estimated as a decrease in vacuum de- 
gree by any influence with the lapse of time. 
[0143] As a measure against this, a getter material 
was additionally heated in order to increase the vacuum 
degree, and the vacuum degree was increased by the 
absorption operation of the getter film. As a result of this 
measure, generation of discharge in the image display 
apparatus was suppressed for a predetermined period, 
and a normal operation identical to that before the long- 
time durability test was confirmed. 
[0144] The interior of the container including the cold 
cathode device 1002 is a low-pressure atmosphere at 
high vacuum degree, and a high voltage is applied to 
the container. For this reason, discharge readily occurs, 
and an unexpected discharge current rarely flows be- 
tween the anode side and substrate 1001 side of the 
container. If a current by discharge is often generated, 
it may damage the cold cathode device or electrode 
such as row or column wiring. 

[0145] The cause of discharge, which has not been 
cleared up yet, includes a decrease in vacuum degree, 
charge-up of the insulating layer of the substrate 1001, 
and projections and flashes erroneously formed in man- 
ufacturing the substrate 1001 and metal back 1009. 
However, the rare abnormal state such as discharge can 
be adjusted based on criterion for adjustment by record- 
ing the history of discharge and storing information for 
confirming whether the operation state of the image dis- 
play apparatus has always been normal and information 
about the number ol abnormal operations such as dis- 
charge. Adjustment for recovering a normal operation 
can therefore be done at good timing. 
[0146] As described above, since history information 
about generation of discharge is stored in the memory 



in the image display apparatus of the fourth embodi- 
ment, whether the image display apparatus normally op- 
erates can be checked. As for an abnormal operation 
by discharge generated at a very tow probability, the 

s cause of the discharge can be estimated. Even if an ab- 
normal operation occurs, the cause can be estimated. 
Accordingly, an appropriate measure for recovering a 
normal operation can be performed at a good timing. 
[01 47] Although the division number of areas is set to 

10 to for descriptive convenience in the fourth embodi- 
ment, it is preferably large in terms of detecting the dis- 
charge generation location. However, if the division 
number of anode electrodes on the face plate side ac- 
tually increases, the manufacturing cost and the number 

is of discharge detection units 6006 increase. Hence, the 
division number is set to a preferable value for practical 
use. 

[01 48] In the fourth embodiment, the anode electrode 
is divided in a direction parallel to the scanning line. The 
20 manner of division is not limited to this, and the anode 
electrode may be divided perpendicularly to the scan- 
ning |ine. 



[0149] In the fifth embodiment, discharge is detected 
by monitoring the surface potential of a device substrate 
1001 on which a plurality of cold cathode devices 1002 
are arranged, using a plurality of surface potential meas- 
30 urement units (surface potential measurement systems) 
for the device substrate 1001, and the history of dis- 
charge is recorded using a discharge recording unit 
6012 as a feature of the fifth embodiment. 

35 (Structure of Surface Potential Measurement Electrode) 

[0150] Fig. 11 is a partially cutaway perspective view 
of an image display unit 6004 for an image display ap- 
paratus according to the fifth embodiment. In Fig. 11, 

40 the face plate and part of the side wall (frame) are not 
illustrated in order to explain surface potential measure- 
ment electrodes 7002 as part of a discharge detection 
unit in the fifth embodiment. Fig. 12 is a block diagram 
showing the arrangement of a driving circuit for the im- 

45 age display apparatus of the fifth embodiment. In Figs. 
1 1 and 1 2. the same reference numerals as in the fourth 
embodiment denote the same parts, and a description 
thereof will be omitted. 

[0151] In Fig. 1 1 , reference numeral 7002 denote sur- 

so face potential measurement electrodes. 

[01 52] The discharge detection unit of the fifth embod- 
iment comprises the surface potential measurement 
electrodes 7002 and a surface potential measurement 
unit (to be described later). That is, the fifth embodiment 

55 newly employs the plurality of surface potential meas- 
urement electrodes 7002 on the device substrate 1 001 . 
Although the surface potential measurement electrodes 
7002 can have various shapes, they have a pattern 
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shown in Fig. 1 1 in the fifth embodiment 
[0153] The surface potential measurement elec- 
trodes 7002 are arranged on the device substrate 1001 
while being electrically isolated from row and column 
wirings 1003 and 1004, cold cathode devices 1 002, and 
the like. The surface potential measurement electrodes 
7002 are connected to an external circuit via external 
terminals D sl to D sl4 of the vacuum container. 
[0154] A plurality of surface potential measurement 
electrodes 7002 are arranged on the device substrate 
1001 in order to independently monitor rises in surface 
potential of the device substrate 1001 in units of several 
areas, and when discharge occurs on the substrate 
1001, to record area information where the discharge 
has occurred, thereby easily estimating the cause of the 
discharge. If the cause of discharge can be estimated, 
an appropriate recovery operation for recovering the im- 
age display apparatus to a normal operation can be per- 
formed. Note that the surface potential measurement 
electrodes 7002 suffice to be made of a conductive ma- 
terial, can be formed from the same material as the row 
and column wirings 1003 and 1004 or device electrodes, 
and can be manufactured at the same time as the wir- 
ings or device electrodes are manufactured on the sub- 
strate. In the fifth embodiment, the surface potential 
measurement electrodes 7002 are manufactured by the 
same method as the device electrodes (1102 and 1103 
in Fig. 19A). 

(Connection of Surface Potential Measurement 
Electrode 7002 to Surface Potential Measurement 
System, Discharge Recording Unit, and the Like) 

[0155] Fig. 12 is a block diagram for explaining con- 
nection of the image display unit 6004 of the image dis- 
play apparatus according to the fifth embodiment to driv- 
ers 6002 and 6003 for driving the image display unit 
6004, surface potential measurement units 6016, a dis- 
charge recording control unit 6008a, and the like. The 
same reference numerals as in the above arrangement 
denote the same parts. 

[0156] As shown in Fig. 12, the terminals D s1 to D s14 
of the surface potential measurement electrodes 7002 
of the image display unit 6004 are respectively connect- 
ed to the surface potential measurement units 601 6 hav- 
ing a high input impedance (10 13 Q or more) to inde- 
pendently monitor changes in potential. If discharge oc- 
curs on the substrate 1001 , the potential at the location 
on the device substrate 1001 rises. The phenomenon 
such as surface discharge raises not only the potential 
at the discharge generation location but also the poten- 
tial of a peripheral conductive member. When discharge 
occurs around a surface potential measurement elec- 
trode 7002, its potential rises. Thus, a surface potential 
measurement unit 6016 connected to this surface po- 
tential measurement electrode 7002 can detect gener- 
ation of the discharge. 

[0157] A discharge recording unit 6012a of the fifth 



embodiment comprises the discharge recording control 
unit 6008 and a memory 6009 which have almost the 
same arrangement as in Fig. 10. The discharge record- 
ing control unit 6008a is different from the above-de- 

s scribed discharge recording control unit 6008 in that po- 
tentials generated at the external terminals D s1 to D s14 
are input from the respective surface potential measure- 
ment units 6016, the voltage values are amplified by a 
differential amplifier 61 02. and the amplified voltage val- 

10 ues are converted into digital signals by an A/D convert- 
er 6103. In this fashion, changes in surface potential of 
each surface potential measurement electrode 7002 are 
monitored. If a change in surface potential exceeds a 
predetermined value, the discharge recording control 

is unit 6008a determines that discharge occurred, and 
stores in the memory 6009 the discharge generation 
time and date (times and dates at the start and end of 
the discharge), the change amount of the surface po- 
tential, and the number of the electrode at which the 

20 change in surface potential exceeds the predetermined 
value. 

[0158] Further, the discharge recording control unit 
6008a is constituted to allow reading out discharge in- 
formation stored in the memory 6009 in, e.g., maime- 
rs nance of the image display apparatus by the service- 
man. The information read out from the memory 6009 
can be output to an external device via an interface 601 0 
and an external device connector 6011 . 
[0159] If discharge occurs, information about the dis- 
30 charge generation time and date, the size of the dis- 
charge (e.g., the change amount of the anode current), 
and a rough location (area) where the discharge oc- 
curred can be recorded as a history using the discharge 
detection unit and discharge recording unit with this ar- 
35 rangement. 

[0160] The present inventors have confirmed that to 
specify the location where discharge occurred is very 
effective for estimating the cause of the discharge. If the 
cause of the discharge can be estimated, a recovery op- 
40 eration can be appropriately performed. For example, 
when discharge has randomly occurred in various are- 
as, an abnormal operation can be confirmed on the 
whole image display unit. In this case, the cause can be 
estimated as a decrease in vacuum degree inside the 
45 vacuum container forming the image display unit under 
any influence. 

[0161] Many image display apparatuses each having 
the discharge detection unit, discharge recording unit, 
memory, and the like were actually manufactured to dis- 
50 play an image. After a long-time durability test was con- 
ducted, some of these image display apparatuses suf- 
fered discharge upon even with a very low probability, 
and the history of discharge was stored in the memory 
6009. 

55 [0162] One image display apparatus in which dis- 
charge occurred will be exemplified. The history infor- 
mation of discharge stored in the memory 6009 reveals 
that discharge occurred not in a DC manner but instan- 
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taneously, the generation frequency increased upon the 
lapse of long time after the long-time durability test was 
conducted, the generation location changed, and dis- 
charge randomly occurred. From this, the cause of the 
discharge was estimated as a decrease in vacuum de- 
gree with the lapse of time. 

[0163] As a measure against this, a getter material 
was additionally heated in order to increase the vacuum 
degree, and the vacuum degree was increased by the 
absorption operation of the getter film. Consequently, 
generation of discharge in the image display apparatus 
was suppressed for a predetermined period, and a nor- 
mal operation identical to that before the long-time du- 
rability test was confirmed. 

[0164] As described above, since history information 
about discharge is stored in the image display apparatus 
of the fifth embodiment, whether the image display ap- 
paratus normally operates can be checked. As for an 
abnormal operation by discharge generated at a very 
low probability, the cause of the discharge can be esti- 
mated. Even if an abnormal operation occurs, the cause 
of the discharge can be estimated. Therefore, an appro- 
priate measure for recovering a normal operation can 
be performed. 

[0165] In the fifth embodiment, the surface potential 
measurement electrodes 7002 are arranged at 1 4 por- 
tions outside the image display area within the vacuum 
container, as shown in Fig. 11. However, the number 
and layout of surface potential measurement electrodes 
7002, the size of the electrode, and the like are not lim- 
ited. The surface potential measurement electrodes 
7002 are preferably arranged on the device substrate 
1001 within the vacuum container over an area as targe 
as possible in order to detect discharge in an area as 
large as possible. However, the surface potential meas- 
urement electrodes 7002 are arranged outside the dis- 
play area in order to avoid overlapping the image display 
area and manufacturing errors. 

[0166] Although a larger number of surface potential 
measurement electrodes 7002 can detect discharge at 
higher resolution, the number of surface potential meas- 
urement electrodes 7002 is determined in consideration 
of the fact that the number of surface potential meas- 
urement circuits connected to them also increases, and 
the size of an area where discharge can be detected. 
[0167] As described above, the image display appa- 
ratus of the fifth embodiment can provide information for 
estimating the cause of discharge for an abnormal op- 
eration such as generation of discharge. 
[0168] Even if an abnormal operation occurs, the 
cause can be estimated whether the abnormal opera- 
tion is based on generation of discharge, and informa- 
tion for performing proper adjustment can be provided 
to recover the image display apparatus to a normal op- 
eration. 



[Sixth Embodiment] 

[0169] Fig. 13 is a block diagram for explaining con- 
nection between the display panel and peripheral circuit 

5 of an image display apparatus according to the sixth em- 
bodiment of the present invention. 
[0170] In Fig. 13, reference numeral 101 denotes a 
display panel having almost the same arrangement as 
in Fig. 31 except that the display panel 101 comprises 

io a destruction detection high-voltage electrode 103 and 
detection device 1 02 (to be described later) and their 
terminals. A driving circuit for the display panel 101 in- 
cludes a scanning signal generation circuit 109 for se- 
quentially driving row wirings in accordance with an ex- 

*5 temally input video signal, a modulated signal genera- 
tion circuit 110 for applying a modulated signal corre- 
sponding to the video signal to column wirings on a row 
selected by the video signal, and a high-voltage source 
106 for inputting an acceleration voltage Hv. The scan- 

20 ning signal generation circuit 109 sequentially selects 
row terminals Dx1 to DxM of the display panel 101 and 
applies a.predetermined voltage. The modulated signal 
generation circuit 110 applies a pulse width modulated 
signal corresponding to a video signal to column termi- 

25 nals D y1 to D yn . 

[0171] In the sixth embodiment, at least one destruc- 
tion detection cold cathode device 102 is formed at a 
location other than the image display area on the device 
substrate of the display panel 101 . The destruction de- 

30 tection high-voltage electrode 103 is arranged above 
the destruction detection cold cathode device 102 (on 
the face plate side) to capture electrons emitted by the 
destruction detection cold cathode device 102. To pre- 
vent light emission unrelated to an image to be dis- 
ss played, no fluorescent substance which emits light upon 
collision against electrons is desirably formed on the de- 
struction detection high-voltage electrode 103. The de- 
struction detection high-voltage electrode 103 receives, 
via a terminal 121, a voltage {Va X R2/(R1 + R2)} ob- 

40 tained by dividing an output \Aa from the high-voltage 
source 106 by a resistor 111 (resistance value R1) and 
a resistor 112 (resistance value R2). 
[0172] The sixth embodiment sets the resistance val- 
ues R1 and R2 such that the voltage applied to the de- 

45 struction detection high-voftage electrode 1 03 can cap- 
ture an emission current and is set to a voltage (about 
80 V) as low as possible. The voltage applied to the de- 
struction detection high-voltage electrode 1 03 is set low 
in order to reduce the cost by omitting any high-voltage 

50 resistant measure (isolation) with respect to an ammeter 
104 series-connected to the destruction detection high- 
voltage electrode 1 03. 

[0173] A method of detecting destruction of the air- 
tight container by the airtight container destruction de- 
55 tection means (destruction detection cold cathode de- 
vice 102, destruction detection high-voltage electrode 
103, and the like) will be explained below. 
[0174] When power is supplied from a main power 
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source (not shown) to the image display apparatus of 
the sixth embodiment, a pulse generator 107 applies a 
voltage pulse (voltage Vf) for emitting electrons to the 
destruction detection cold cathode device 102 via ter- 
minals 1 20. Note that the pulse generator 1 07 may start s 
operating in response to a signal from a control unit 105 
(to be described below). At the same time, the ammeter 
104 series-connected between the destruction detec- 
tion high-voltage electrode 103 and high-voltage source 
1 06 detects the emission current le from the destruction 10 
detection cold cathode device 102. If the airtight con- 
tainer of the display panel 101 is destroyed, the interior 
of the airtight container is exposed to the atmospheric 
pressure, so electron emission from the destruction de- 
tection cold cathode device 1 02 is stopped not to detect is 
any emission current le. Therefore, when no emission 
current le is detected even upon application of the driv- 
ing voltage pulse for emitting electrons to the cold cath- 
ode device 1 02, the airtight container can be determined 
to be destroyed. Note that this control is done by the 20 
control unit 105. More specifically, when no current is 
detected by the ammeter 104 while applying the pulse 
signal from the pulse generator 107 to the cold cathode 
device 102 and the high voltage Va from the high-volt- 
age source 106 to the high-voltage electrode 103, the 25 
control unit 105 determines that any abnormality occurs 
in the airtight container of the display panel 101, and 
stops applying the high voltage from the high^voltage 
source 106. At this time, the control unit 105 may stop 
operating the pulse generator 107. 30 
[0175] Processing by the control unit 105 is shown in 
the flow chart of Fig. 14. According to the abnormality 
detection and control of the electron source in the sixth 
embodiment, processing of detecting destruction of the 
airtight container is always executed while the main 35 
power source of the image display apparatus is turned 
on, as shown in the flow chart of Fig. 14. 
[0176] The processing shown in Fig. 14 starts when 
the power source of the apparatus is turned on. In step 
S1 , the control unit 105 measures the emission current 40 
le from the destruction detection cold cathode device 
1 02 based on a current value measured by the ammeter 
104. The control unit 1 05 advances to step S2 to check 
whether the current value is detected. If NO in step S2, 
the control unit 1 05 shifts to step S3 to stop driving the 45 
high-voltage source 106. 

[01 77] If YES in step S2, the control unit 1 05 advanc- 
es to step S4 to check whether the main power source 
is turned off. If NO in step S4, the control unit 1 05 returns 
to step S1 to execute the above processing; if YES in so 
step S4, completes the processing. 
[0178] If the control unit 105 detects a state in which 
no emission current is detected owing to destruction of 
the airtight container, it stops applying the driving volt- 
age to the image display unit (including a high voltage ss 
applied to the high-voltage electrode 103). In this case, 
the control unit 105 may stop outputting the pulse from 
the pulse generator 107 in step S3. 



[0179] The control method of the sixth embodiment 
can eliminate any danger such as an electric leakage or 
electric shock generated when the airtight container of 
the electron source is destroyed. In the sixth embodi- 
ment, the voltage pulse Vf applied to the destruction de- 
tection cold cathode device 102 is a rectangular wave 
having a peak value of 16.0 V, a pulse period of 1 ms, 
and a pulse width of 0. 1 ms. 

<General Description of Image Display Apparatus> 

[0180] The structure and manufacturing method of 
the display panel 101 according to the sixth embodiment 
of the present invention will be described in detail. 
[0181] Fig. 15 is a perspective view of the display pan- 
el 101 according to the sixth embodiment where part of 
the display panel 101 is removed for showing its internal 
structure. In Fig. 15, the same reference numerals as in 
Fig. 31 denote the same parts, and a description thereof 
will be omitted. 

[0182] In Fig. 15, reference numeral 120 denotes a 
terminal for applying a pulse voltage from the pulse gen- 
erator 107 (Fig. 13) to the destruction detection cold 
cathode device 102; and 121, a terminal for applying a 
high voltage to the destruction detection high-voltage 
electrode 103. For illustrative convenience, no destruc- 
tion detection high-voltage electrode 103 is illustrated in 
Fig. 15. 

[0183] In the mufti electron source used in the image 
display apparatus according to the sixth embodiment of 
the present invention, any material, shape, and manu- 
facturing method for cold cathode device devices may 
be employed as long as an electron source is constitut- 
ed by arranging cold cathode devices in a simple matrix. 
Therefore, cold cathode devices such as surface-con- 
duction type emission devices, FE type devices, or MIM 
type devices can be used. 

[0184] The following description concerns the struc- 
ture of a multi electron source in which surface-conduc- 
tion type emission devices (to be described below) are 
arranged as cold cathode devices in a simple matrix on 
the substrate. 

[0185] Fig. 16 is a plan view of the substrate 3111 
(1001) of the multi electron source used in the display 
panel described above. 

[01 86] Surface-conduction type emission devices like 
the one shown in Figs. 1 9A and 1 9B are arranged on 
the substrate 3111. These devices are arranged in a 
simple matrix with the row and column wirings 3113 and 
3114. At an intersection of the row and column wirings 
31 1 3 and 31 1 4, an insulating layer (not shown) is formed 
between electrodes to maintain electrical insulation. 
[01 87] Fig. 1 7 shows a cross-section cut out along the 
line B - B' in Fig. 16. 

[0188] Note that a multi electron source having this 
structure is manufactured by forming the row and col- 
umn wirings 3113 and 3114, the inter-electrode insulat- 
ing layers (not shown), and the device electrodes and 



16 



31 



EP 0 953 958 A2 



32 



conductive thin films of the surface-conduction type 
emission devices 31 1 2 on the substrate 3111 , then sup- 
plying electricity to the respective devices via the row 
and column wirings 3113 and 3114, thus performing 
forming processing (to be described later) and activation s 
processing (to be described later). 
[01 89] In the sixth embodiment, the substrate 31 1 1 of 
the multi electron source is fixed to the rear plate 3115 
of the airtight container. If, however, the substrate 31 1 1 
of the multi electron source has sufficient strength, the io 
substrate 3111 of the multi electron source may be used 
as the rear plate of the airtight container. 
[01 90] A fluorescent film 31 18 is formed on the lower 
surface of the face plate 311 7. As the display panel 101 
(1 ) of the sixth embodiment is a color display apparatus, is 
the fluorescent film 31 1 8 is colored with fluorescent sub- 
stances of three, red, green, and blue primary colors 
used in the CRT field. As shown in Fig. 18A, the fluores- 
cent substances of the respective colors are applied into 
stripes, and black conductive members 1010 are ap- 20 
plied between the stripes of the fluorescent substances. 
The purpose of applying the black conductive members 
1010 is to prevent misregistration of the display color 
even if the irradiation position of the electron beam is 
shifted to some extent, to prevent degradation of display 25 
contrast by shutting off reflection of external light, to pre- 
vent charge-up of the fluorescent film by the electron 
beam, and the like. As a material for the black conduc- 
tive members 1010, graphite is used as a main compo- 
nent, but other materials may be used so long as the 30 
above purpose is attained. 

[01 91 ] The layout of the fluorescent substances of the 
three primary colors is not limited to the stripe shown in 
Fig. 18A. For example, a delta layout as shown in Fig. 
1 8B or any other layout may be employed. When a mon- 35 
ochrome display panel is formed, a single-color fluores- 
cent substance may be applied to the fluorescent film 
3118, and the black conductive member may be omit- 
ted. 

[0192] A metal back 3119, which is well-known in the 40 
CRT field, is formed on the fluorescent film 3118 on the 
rear plate side. The purpose of forming the metal back 
31 1 9 is to improve the light-utilization ratio by mirror-re- 
flecting part of the light emitted by the fluorescent film 
31 1 8, to protect the fluorescent film 311 8 from collision 4S 
against negative ions, to use the metal back 311 9 as an 
electrode for applying the electron-beam acceleration 
voltage, to use the metal back 31 1 9 as a conductive path 
for electrons which excited the fluorescent film 3118, 
and the like. The metal back 311 9 is formed by forming so 
the fluorescent film 31 1 8 on the face plate 3117, smooth- 
ing the upper surface of the fluorescent film, and depos- 
iting Al on the smooth surface by vacuum evaporation. 
When the fluorescent film 31 1 8 is made of a low-voltage 
fluorescent substance, no metal back 31 1 9 is used. ss 
[0193] A transparent electrode made of, e.g., I TO may 
be provided between the face plate 3117 and fluores- 
cent film 31 18 in order to apply the acceleration voltage 



or improve the conductivity of the fluorescent film, 
though such electrode is not used in the sixth embodi- 
ment. 

[0194] The application voltage to the surface-conduc- 
tion type emission device of the sixth embodiment as a 
cold cathode device is generally about 1 2 to 1 6 V, a dis- 
tance d between the metal back 311 9 and cold cathode 
device 3112 is about 0.1 mm to 8 mm, and the voltage 
between the metal back 3119 and cold cathode device 
3112 is about 0.1 kVto 10 kV. 

[Seventh Embodiment] 

[01 95] Fig. 33 is a perspective view of a display panel 
used in the seventh embodiment where part of the panel 
is removed for showing the internal structure of the pan- 
el. 

[0196] In Fig. 33, reference numeral 1005 denotes a 
rear plate; 1006, a side wall; and 1007, a face plate. 
These parts 1005 to 1007 form an airtight container for 
maintaining the interior of the display panel vacuum. To 
construct the airtight container, it is necessary to seal- 
connect the respective parts to obtain sufficient strength 
and maintain airtight condition. For example, frit glass 
is applied to junction portions, and sintered at 400 to 
500°C in air or nitrogen atmosphere, thus the parts are 
seaLconnected. A method for evacuating the container 
will be described later. 

[0197] The rear plate 1005 is fixed to a substrate 
1001 . N X M cold cathode devices 1002 are formed on 
the substrate. (N and M are positive integers equal to 2 
or more, and properly set in accordance with a target 
number of display pixels. For example, in a display ap- 
paratus for high-quality television display, N = 3,000 or 
more, M = 1 ,000 or more are desirable. In the seventh 
embodiment, N = 3,072 and M = 1,024.). The N X M 
cold cathode devices are arranged in a simple matrix by 
M row wirings 1003 and N column wirings 1004. The 
portion constituted by the parts 1001 to 1004 will be re- 
ferred to as a multi electron source. 
[0198] In the seventh embodiment, the substrate 
1 001 of the multi electron source is fixed to the rear plate 
1005 of the airtight container. If, however, the substrate 
1 001 of the multi electron source has sufficient strength, 
the substrate 1001 of the multi electron-beam source 
may be used as the rear plate of the airtight container. 
[01 99] A fluorescent film 1 008 is formed on the lower 
surface of the face plate 1 007. As the seventh embodi- 
ment is directed to a color display apparatus, the fluo- 
rescent film 1 008 is colored with fluorescent substances 
of three, red, green, and blue primary colors used in the 
CRT field. As shown in Fig. 18A, the fluorescent sub- 
stances of the respective colors are applied into stripes, 
and black conductive members 1010 are applied be- 
tween the stripes of the fluorescent substances. The 
purpose of applying the black conductive members 
1010 is to prevent misregistration of display color even 
if the irradiation position of the electron beam is shifted 
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to some extent, to prevent degradation of display con- 
trast by shutting off reflection of external light, to prevent 
charge-up of the fluorescent film by the electron beam, 
and the like. As a material for the black conductive mem- 
bers 1010, graphite is used as a main component, but s 
other materials may be used so long as the above pur- 
pose is attained. 

[0200] The layout of the fluorescent substances of the 
three primary colors is not limited to the stripe shown in 
Fig. 18 A. For example, a delta layout as shown in Fig. 10 
18B or any other layout may be employed. 
[0201] When a monochrome display panel is formed, 
a single-color fluorescent substance may be applied to 
the fluorescent film 1008, and the black conductive 
member may be omitted. is 
[0202] A metal back 1 009, which is well-known in the 
CRT field, is formed on the fluorescent film 1 008 on the 
rear plate side. The purpose of forming the metal back 
1009 is to improve the light-utilization ratio by mirror- 
reflecting part of the light emitted by the fluorescent film 20 
1008, to protect the fluorescent film 1008 from collision 
against negative ions, to use the metal back 1009 as an 
electrode for applying the electron-beam acceleration 
voltage, to use the metal back 1 009 as a conductive path 
for electrons which excited the fluorescent film 1008, 2s 
and the like. The metal back 1009 is formed by forming 
the fluorescent film 1008 on the face plate substrate 
1007, smoothing the upper surface of the fluorescent 
film, and depositing Al on the smooth surface by vacuum 
evaporation. When the fluorescent film 1 008 is made of 30 
a low-voltage fluorescent substance, no metal back 
1009 is used. 

[0203] In the seventh embodiment, the electrode for 
applying the acceleration voltage (high voltage) on the 
face plate side will be referred to as an anode electrode, 35 
which includes the fluorescent substance, black con- 
ductive member, and metal back. 
[0204] A transparent electrode made of, e. g., ITO may 
be provided as an auxiliary anode electrode between 
the face plate substrate 1007 and fluorescent film 1008 40 
in order to apply the acceleration voltage or improve the 
conductivity of the fluorescent film, though such elec- 
trode is not used in the seventh embodiment. 
[0205] Reference symbols D x1 to D,^, D y1 to D yN , and 
Hv denote electric connection terminals for the airtight *s 
structure provided to electrically connect the display 
panel to an electric circuit (not shown). The terminals 
to D xM are electrically connected to the row-direc- 
tion wirings 1003 of the multi electron-beam source; Dy, 
to DyN, to the column-direction wirings 1 004 of the multi so 
electron-beam source; and Hv, to the metal back 1009 
of the face plate. 

[0206] To evacuate the airtight container, the airtight 
container is connected to an exhaust pipe and vacuum 
pump (both not shown) after assembling, and evacuat- ss 
ed to a vacuum degree of about 10" 7 Torr. Then, the ex- 
haust pipe is sealed. To maintain the vacuum degree in 
the airtight container, a getter film (not shown) is formed 



at a predetermined position immediately before/after 
sealing. The getter film is formed by heating and depos- 
iting a getter material mainly containing, e.g., Ba, by a 
heater or RF heating. The absorption operation of the 
getter film keeps the airtight container at a vacuum de- 
gree of 1 X 10- 5 or 1 X 10" 7 Torr. 
[0207] The basis structure and manufacturing method 
of the display panel according to the seventh embodi- 
ment have been described. 

(Driving Circuit for Driving Multi Electron-Beam Source) 

[0208] A display method in the driving circuit of the 
seventh embodiment will be explained in detail with ref- 
erence to the accompanying drawings. 
[0209] In the following description, the scanning 
method in the seventh embodiment is non-interlace line- 
sequential scanning. To display an image with grada- 
tion, the electron-emitting period within one horizontal 
scanning period (1 H) is controlled by the time width of 
a modulated signal to control the total light-emitting 
quantity of the fluorescent substance and realize grada- 
tion expression. 

[0210] Fig. 35 is a block diagram showing the ar- 
rangement of the electric circuit and connection be- 
tween respective units in the image display apparatus 
according to the present embodiment. In Fig. 35, refer- 
ence numeral 3521 denotes a circuit for generating a 
horizontal sync signal, vertical sync signal, digital video 
signal, and the like from a video signal such as an NTSC 
signal. This circuit 3521 includes a video intermediate 
frequency circuit, video signal detection circuit, sync 
separation circuit, low-pass filter, A/D conversion circuit, 
timing control circuit, and the like. 
[0211] Reference numeral 3522 denotes an image 
display unit of the image display apparatus of the 
present invention. 

[0212] Reference numeral 3523 denotes a scanning 
signal driver for driving the row-direction wirings of the 
image display unit. The scanning signal driver 3523 out- 
puts a scanning signal (to be described later with refer- 
ence to a timing chart) on the basis of a horizontal sync 
signal separated/generated by the circuit 3521 . 
[021 3] Reference numeral 3524 denotes a modulated 
signal driver for driving the column-direction wirings of 
the image display unit. The modulated signal driver 
3524 outputs a modulated signal (to be described later 
with reference to a timing chart) based on a horizontal 
sync signal, vertical sync signal, digital video signal, and 
the like separated/generated by the circuit 3521 . 
[021 4] Fig. 8 is a timing chart showing an example of 
the voltage applied to the terminals of the row-direction 
wiring (i.e., wiring to which the scanning signal is sup- 
plied) and the column-direction wiring (i.e., wiring to 
which the modulated signal is supplied) in driving the 
image display unit of the image display apparatus ac- 
cording to the seventh embodiment. The timing chart in 
Fig. 8 shows voltages applied to row-direction wirings 
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on rows 1,1+1, and I +2 and column-direction wirings on 
columns J, J+1 , and J+2 on the modulated signal side 
while sequentially driving the rows 1,1+1, and I +2 of the 
image display apparatus. (1 < I < M-2 and 1 < J < N-2 
inevitably hold. M and N represent the total numbers row 
and column wirings, respectively). 
[0215] In Fig. 8, an image of the l^ row is displayed 
during one horizontal scanning period K, an image of 
the (1+1 row is displayed during the period (K+1 ), and 
an image of the (1+2)^ row is displayed during the period 
(K+2). 

[0216] Row-direction wirings serving as the scanning 
side in line-sequential scanning are sequentially select- 
ed every horizontal scanning period (to be referred to 
as 1 H hereinafter). Row-direction wirings on selected 
rows sequentially receive a scanning signal having a 
pulse width corresponding to 1 H and a peak value -Vf/ 
2 (Vf is a driving voltage; Vf = about 2V m ). After the scan- 
ning is done for all row-direction wirings, it is repeated 
from the first row. 

[021 7] A modulated signal having a peak value 1/2 Vf 
is applied to all column-direction wirings in synchronism 
with the scanning signal applied to the row-direction wir- 
ing for a period corresponding to a video signal dis- 
played on a selected row. 

[0218] This modulated signal rises in synchronism 
with the trailing edge of the scanning signal, and falls 
after maintaining the peak value Vf/2 for a time corre- 
sponding to the video signal. (The period between the 
leading and trailing edges of the modulated signal will 
be simply referred to as the pulse width of the modulated 
signal) 

[021 9] The pulse width of the modulated signal corre- 
sponds to the luminance of each of three, R ? G, and B 
colors obtained by color-separating a video signal dis- 
played on a selected row. In practice, the pulse width is 
not simply proportional to the luminance because vari- 
ous corrections are done to display a high-quality image. 
[0220] By applying the voltage in this way, the driving 
voltage Vf is applied to cold cathode devices on a se- 
lected row for the pulse width of the modulated signal. 
[0221] Since the emission current le of the cold cath- 
ode device has the above-described definite threshold 
characteristics with respect to Vf , an image correspond- 
ing to a desired video signal is displayed on a selected 
row. 

[0222] Furthermore, an image is displayed over all 
cold cathode devices in the image display unit by line- 
sequential scanning. 

[0223] In the seventh embodiment, the surface poten- 
tial of the device substrate on which cold cathode devic- 
es are arranged is monitored to detect discharge using 
a plurality of surface potential measurement units (sur- 
face potential measurement system) for the device sub- 
strate. Upon generation of discharge, failsafe control for 
the display apparatus (to be referred to as a panel) is 
done. The history of potentials of the surface potential 
electrode is stored in the memory to determine a failsafe 



method with respect to discharge. 
[0224] The internal structure of the panel and the sur- 
face potential measurement electrode will be described. 
Fig. 34 is a partially cutaway perspective view of the 
5 panel in the seventh embodiment. In Fig. 34, the face 
plate and part of the side wall (frame) are not illustrated 
in order to explain the surface potential measurement 
electrode as part of the discharge detection unit in the 
seventh embodiment. In Fig. 34, reference numeral 
io 341 1 denotes a device substrate; 341 2, a cold cathode 
device; 3413, a row-direction wiring; 3414, a column- 
direction wiring; 3415, a rear plate; 3416, a side wall 
(frame); 3417, a surface potential measurement elec- 
trode; and 3418, a guard electrode arranged around the 
is surface potential measurement electrode to guard it. In 
the seventh embodiment, a plurality of surface potential 
measurement electrodes are arranged at the periphery 
of the device substrate 341 1 f and each surface potential 
measurement electrode 3417 has a rectangular shape. 
20 The surface potential measurement electrode 3417 is 
covered with the guard electrode 3418 to avoid any po- 
tential influence on the display unit in the panel and 
measure the potential value of the surface potential 
electrode with high precision. Note that the surface po- 
25 tential measurement electrode 3417 may have any 
shape other than a rectangular shape so long as the po- 
tential value can be measured. The number of elec- 
trodes is not particularly limited. In the seventh embod- 
iment, a plurality of electrodes are arranged at the pe- 
so ripheral portion within the panel, and thus the potential 
state on the surface can be independently monitored in 
units of areas within the panel to specify the location 
where discharge has occurred. 

[0225] The surface potential measurement elec- 
ts trodes 3417 are arranged on the device substrate so as 
to be electrically isolated from the row-direction wiring 
3413, column-direction wiring 3414, cold cathode de- 
vice 3412, and the like, and are extracted via outer ex- 
traction lines D s1 to D s14 of the vacuum container Since 
40 the surface potential measurement electrodes 341 7 are 
made of the same material as the material for the row- 
and column-direction wirings, they can also be formed 
at the same time as the wirings and the like. 
[0226] The material for the surface potential measure- 
rs ment electrode 341 7 need only be conductive, and may 
be different from the wiring material. 
[0227] The circuit arrangement for realizing the fail- 
safe function will be described with reference to Fig. 35. 
Reference numeral 3525 denotes a potential measure- 
50 ment unit for outputting a potential signal from the ex- 
traction line of the surface potential measurement elec- 
trode, as described above. The surface potential meas- 
urement electrode 341 7 and surface potential measure- 
ment unit 3525 constitute a potential measurement 
55 means. A discharge recording unit for recording a po- 
tential output on the memory or the like is arranged on 
the output stage of the surface potential measurement 
unit 3525, and constituted by a discharge recording con- 
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trol unit 3529 and a memory 35210. A surface potential 
detection unit for detecting the surface potential value 
is constituted by a comparator 35211 for comparing the 
potential value with the threshold and a detection unit 
35212. An output from the surface potential measure- 
ment unit 3525 is added with a potential signal by a 
measurement unit having a higher input impedance 
than the surface measurement electrode, and then out- 
put as a potential with a proper gain. These signals are 
input as analog values. In this case, the surface potential 
output may be output as a digital value and can take an 
optimum form for the circuit arrangement. A discharge 
detection means comprises the surface potential detec- 
tion unit having the comparator 3521 1 and detection unit 

35212, and an abnormality count means comprises the 
discharge recording unit having the discharge recording 
control unit 3529 and memory 35210. 

[0228] Failsafe control is performed by a failsafe con- 
trol unit which is made up of a determination circuit 
35214 and a processing control unit 35213. The 
processing control unit 3521 3 outputs signals for actu- 
ally performing failsafe control, and these signals are 
input to a warning output means 35216 for outputting 
warning information to the user (operator) or the like, 
control units 3526, 3527, and 3528 for power sources 
Vf and Va for applying power to the matrix device in the 
panel, and a driving circuit power source unit 35215 for 
controlling the power source voltage of the display cir- 
cuit system. 

[0229] The warning output means 3521 6 serves as a 
control means for displaying optimum information on the 
output unit 35217 made up of a display indicator, speak- 
er, or the like, and drives a speaker 3563 or an indicator 
unit 3562 in accordance with a control signal. The +Vf 
control unit 3526, -Vf control unit 3527, and va control 
unit 3528 control application voltages to the device in 
accordance with signals from the processing control unit 

35213. They function to reduce the power source volt- 
ages Vf and Va or change the voltage values depending 
on signals from the processing control unit 35213. With 
these functions, supply of the device voltage via the 
modulation and scanning signal drivers 3524 and 3523 
and application of the anode voltage to the face plate 
side of the pane! can be limited to set the device at an 
operating voltage or less and suppress the device cur- 
rent If and emission current le. 

[0230] The driving circuit power source unit 35215 
supplies power to the whole display circuit system, and 
in addition controls the power source voltage of the driv- 
ing circuit systems (mainly digital and analog circuit sys- 
tems) of the modulation and scanning signal drivers 
3524 and 3523. Depending on control from the process- 
ing control unit 3521 3, the driving circuit power source 
unit 3521 5 can limit supply of the power source voltage 
to the display circuit system to stop the pulse width mod- 
ulation driving by line-sequential scanning performed in 
the seventh embodiment. 

[0231] A detailed control method of each control unit 



for realizing failsafe control upon discharge in the sev- 
enth embodiment will be explained. 
[0232] The discharge recording control unit 3529 
serves as a control means for recording a potential sig- 

5 nal output from the surface potential measurement unit 
3525 on the memory 35210. More specifically, the dis- 
charge recording control unit 3529 A/D-converts poten- 
tial outputs Dsl to Ds14 input as analog signals at pre- 
determined timings and writes the digital signals in the 

10 memory 35210. Information written in the memory 
35210 includes surface potential amounts correspond- 
ing to the locations of Ds1 to Ds14 and measurement 
time (time & date) data. For example, surface potential 
amounts divided in units of locations may be written in 

is the memory 35210, and information may be written in 
the memory 35210 in correspondence with a measure- 
ment time or the like. These memory arrangements are 
desirably set optimally for information in reading out the 
potential amount by the determination circuit 35214 or 

20 externally accessing memory information. 

[0233] As for the write timing of discharge information 
in the memory 35210, NO conversion may be done us- 
ing an external input signal based on a signal from the 
detection unit 35212, or A/D conversion and a write in 

2S the memory 35210 may be done using an internal sig- 
nal. The seventh embodiment adopts a method using 
both the functions. 

[0234] The comparator 3521 1 of the surface potential 
detection unit compares an analog potential signal from 

30 the surface potential measurement unit 3525 with a set 
threshold V^,, converts a potential equal to or lower than 
the threshold into a logic signal (e.g., TTL level), and 
inputs the logic signal to the detection unit 35212. The 
threshold V^ of the comparator 35211 can be externally 

35 set and can be changed in accordance with the panel 
state. The comparator 35211 may be a buffer amplifier 
for directly inputting the absolute value of the surface 
potential amount to the detection unit 35212. 
[0235] The detection unit 35212 comprises a means 

40 for detecting, based on a signal from the comparator 
35211, the location of an electrode which exceeds V^ 
out of a plurality of surface potential measurement elec- 
trodes 3417, and detecting discharge after a signal 
equal to or higher than V ft is detected. The timings of 

45 these signals will be explained with reference to Fig. 36. 
[0236] Fig. 36 is a timing chart showing a change in 
time vs. change in state of an output potential a from an 
arbitrary surface potential measurement electrode 341 7 
causing discharge. Further, Fig. 36 shows timings of sig- 

so nals S1 and S2 for detecting the comparator signal and 
discharge when the surface potential output exceeds 
V^ set by the comparator 35211. 
[0237] Before discharge occurs in the panel, the po- 
tential on the matrix in the panel tends to rise over time. 

ss This is caused by accumulation of charges on the device 
or device wiring electrode along with deterioration of the 
atmosphere in the panel, and is also influenced by panel 
driving conditions. 
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[0238] When the surface potential output exceeds the 
set due to the above reason, like the potential a, the 
comparator signal changes from L to H. At time T1 . the 
comparator signal is input as a latch clock by arranging 
a latch circuit in, e.g., the detection unit 3521 2. The latch 
circuit outputs a latch enable signal S1 by the input com- 
parator signal. When discharge occurs at time T4 near 
the surface potential electrode which exceeds V^, the 
potential of the surface potential electrode 3417 instan- 
taneously drops to V m or less owing to the discharge, 
and the comparator signal changes from H to L. 
[0239] Detection of discharge is done by determining 
as discharge only a signal when the comparator signal 
changes from H to L while the latch enable signal St is 
kept in an enable state. 

[0240] When the surface potential is equal to or lower 
than V^, i.e., no discharge occurs in Fig. 36, the latch 
enable signal S 1 is in a disable state, and even a change 
in signal S2 is not regarded as discharge. 
[0241] Hence, when generation of discharge is de- 
tected, the potential of the surface potential electrode 
341 7 near the discharge generation location always ex- 
ceeds Vft and can be estimated to a certain degree. As 
another method, when generation of discharge is de- 
tected by inputting the absolute value of the surface po- 
tential, the surface potential amount is converted into a 
digital value using an arithmetic processing system in- 
cluding an A/D conversion circuit and CPU, and dis- 
charge is detected by arithmetic processing. 
[0242] In this manner, the surface potential detection 
unit realizes detection of discharge on the basis of the 
comparator signal with respect to output values from a 
plurality of surface potential electrodes. The detection 
unit 35212 outputs a detection signal upon discharge to 
the discharge recording control unit 3529 and the deter- 
mination circuit 35214 in the failsafe control unit. 
[0243] To realize failsafe control for the panel, the fail- 
safe control unit is constituted by the determination cir- 
cuit 35214 for receiving signals from the detection unit 
35212 and memory 35210, and the processing control 
unit 35213. The determination circuit 35214 determines 
how to perform failsafe control for the panel on the basis 
of a discharge detection signal input from the detection 
unit 35212 and information in the memory 35210 in the 
panel. In the present invention, the failsafe sequence is 
divided into three modes and executed in accordance 
with a sequencer in the determination circuit 3521 4. The 
determination circuit 352 14 corresponds to a sequence 
determination means, and the determination circuit 
35214 and processing control unit 35213 constitute a 
protection control means. 

[0244] Fig. 37 shows a failsafe sequence used in the 
seventh embodiment. In a step S 101 , the determination 
circuit 3521 4 recognizes that the panel is in an abnormal 
state on the basis of signals from the detection unit 
35212 and memory 35210. In step S102, the determi- 
nation circuit 3521 4 determines which failsafe sequence 
is the most optimum for the abnormal state. 



[0245] In the seventh embodiment, the processing 
level is divided into three modes, and a sequence cor- 
responding to the abnormal state is executed. "MODE 
1 " has a sequence of notifying the user (operator) by a 
s warning display indicator or voice. "MODE 2' has a se- 
quence of controlling the power source of the driving 
power source system after the notice. "MODE 3" has a 
sequence of directly turning off the whole driving system 
without any notice. Which sequence is actually execut- 
ed is determined by the abnormality level in the panel. 
Of the sequences of "MODE 1" to "MODE 3", "MODE 
1 " and "MODE 2" are for a relatively low abnormal state 
level and allow automatic return in the panel. To the con- 
trary, "MODE 3" is for a high abnormal state level and 
inhibits automatic return. 

[0246] A flow corresponding to the set sequence will 
be explained. In step S103, the processing sequence is 
selected. If "MODE 3' is to be executed, the flow shifts 
to step S109; if "MODE 1 " or "MODE 2" is to be execut- 
ed, to step S104. In the step S104, a warning display is 
determined as the sequences of "MODE 1 " and "MODE 
2". 

[0247] In a step S1 05, the contents of the warning dis- 
play correspond to the level of the abnormal state. The 
indicator unit 3562 may be mounted on the front surface 
of an image display apparatus 3861 shown in Fig. 38, 
or the voice output speaker 3563 may be mounted to 
output a message. For example, if no discharge is de- 
tected and the potential state is stable, like "MODE 1 ", 
the message indicator 3562 or speaker 3563 may in- 
struct periodic maintenance of the display apparatus. If 
discharge occurs like "MODE 2", the state is determined 
as an emergency, and the message indicator 3562 or 
speaker 3563 may notify the operator of turning off the 
TV power source. The message indicator 3562 and 
speaker 3563 constitute an information transfer means. 
In step S106, whether the sequence in progress is 
"MODE 2" is checked. If NO in the step S 1 06, the failsafe 
control ends. 

[0248] If YES in the step S106, control of the driving 
power source is instructed. This control instruction de- 
termines which system is to be controlled in control of 
the power source executed in step S108. For example, 
the power sources va and Vf are subjected to control of 
the power source. This control or operation is divided 
into control of stopping the driving voltage itself to the 
cold cathode device in the panel, and control of stopping 
the power source voltage unit of the display circuit sys- 
tem itself, as described above. When discharge is gen- 
erated by any thermal factor in the circuit system, both 
the display circuit system and device driving voltage 
must be stopped. To the contrary, when the circuit sys- 
tem is normal, discharge is determined to be generated 
by the device itself in the panel, and only the device driv- 
ing voltage is stopped. This determination is enabled by 
monitoring by the processing control unit 3521 3 whether 
an output current value from the driving circuit power 
source unit 3521 5 is in an excessive-current state when 
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discharge occurs. 

[0249] If NO in the step S1 03, the flow shifts from the 
step S103 to the step S 109 to turn off the whole driving 
system. In this case, the control system unconditionally 
turns off the driving circuit power source unit 3521 5 and s 
the +Vf , -Vf , and Va output control units 3526, 3527, and 
3528. 

[0250] By these control units, the seventh embodi- 
ment realizes detection of discharge, suppression of 
discharge upon generation of discharge occurs, and fail- io 
safe control to the panel. Discharge is detected using 
the detection means shown in Fig. 36. As mode deter- 
mination processing in the failsafe sequence, for exam- 
ple, when discharge occurs a plurality of the number of 
times or continuously, or the panel itself is destroyed by »5 
an external operation, the vacuum degree (atmosphere 
or pressure) in the panel is determined to be very low, 
and 'MODE 3" is executed. When discharge rarely oc- 
curs and the panel itself is almost free from the influence 
of discharge, "MODE 2" is set. When the potential state 20 
of the surface potential electrode 341 7 is equal to or low- 
er than Vjh, or no discharge occurs and the potential is 
stable even if the potential state exceeds V th , "MODE 
1 1 is set. 

25 

[Eighth Embodiment] 

[0251] The eighth embodiment of the present inven- 
tion will be described. The eighth embodiment uses a 
plurality of surface potential measurement units (sur- 30 
face potential measurement system) for the device sub- 
strate. A temporal change of the potential of the surface 
potential electrode is measured based on information 
from the memory storing the history of the surface po- 
tential of the device substrate on which cold cathode de- 35 
vices are arranged. In accordance with the change 
amount, generation of discharge is estimated to notify 
the user. At the same time, the failsafe mode is set to 
protect the panel from discharge. 

[0252] The eighth embodiment has the same ar- 40 
rangement as described in the seventh embodiment 
with reference to Figs. 34, 35, and 8, and a detailed de- 
scription thereof will be omitted. Fig. 36 shows a change 
in potential of a surface potential electrode 3417. The 
potential of each electrode in the panel is written in a 45 
memory 35210 by a discharge recording control unit 
3529 via a surface potential measurement unit 3525. 
The write method in the memory 35210 is the same as 
in the seventh embodiment. As for a change in arbitrary 
potential amount shown inn Fig. 36, the potential a so 
which may cause discharge increases in potential 
amount over time. In contrast, the potential b on the 
electrode which does not cause discharge is stable al- 
most free from any change. 

[0253] For this reason, to estimate discharge in the 55 
panel, a determination circuit 35214 in Fig. 35 accesses 
the memory 35210 to read out a plurality of surface po- 
tential amounts written in the memory (the eighth em- 



bodiment exemplifies the potentials a and b on two elec- 
trodes for descriptive convenience). The determination 
circuit 35214 and memory 35210 constitute a potential 
change rate calculation means. 
[0254] For example, the potential amounts of the po- 
tentials a and b correspond to Vt1 and VtV at time T1. 
After the lapse of a predetermined time, the potential 
amounts Vt2 and Vt2* at time T2 are read. Similarly, the 
potential amounts Vt3 and Vt3' at time T3 are read. 
Then, changes in read potential amount are calculated 
as changes AV1, AvT, AV2, and AV2' in potential 
amount at AT1 and AT2. By this method, changes in po- 
tential amount for a predetermined time can be ob- 
tained. The changes AV1 and AV2 in potential amount 
of the potential a which may cause discharge in Fig. 36 
are determined to be larger than the changes A V1 ' and 
AV2* in potential amount of the potential b when no dis- 
charge occurs. 

[0255] The determination circuit 3521 4 compares the 
calculated change in potential amount with a set value 
to check whether the change in potential amount causes 
discharge. The discharge prediction means is constitut- 
ed by a potential measurement means made up of the 
surface potential electrode 3417 and surface potential 
measurement unit 3525 and a potential change rate cal- 
culation means made up of the determination circuit 
35214 and memory 35210. 

[0256] The set value is a normalized value of the gra- 
dient of a potential change as a function of time, and is 
compared with the calculated change amount. 
[0257] In the example of Fig. 36, the gradients of the 
potential changes AV1 and AV2 are determined to be 
larger than the set value, and the gradients of the po- 
tential changes AvT and AV2' are determined to be 
smaller than the set value. In other words, when surface 
potential amounts in the panel exhibit different changes 
and the determination of comparison with the set value 
becomes different, priority is given to failsafe control for 
the potential changes AV1 and AV2 in order to perform 
failsafe control against discharge. 
[0258] The determination circuit 35214 may steadily 
access the memory 3521 0 to read the potential amounts 
of a plurality of surface potential electrodes in order to 
grasp the internal state of the panel, or may access the 
memory 35210 as needed. 

[0259] As another method, the absolute value of the 
surface potential from the surface potential measure- 
ment unit 3525 can be used. 

[0260] In this case, discharge is determined by a com- 
parator 35211 and detection unit 35212 of the surface 
potential detection unit without any read from the mem- 
ory 35210. To input the absolute value, the comparator 
35211 is used as a buffer amplifier. To estimate dis- 
charge, the detection unit 35212 compares a temporal 
change in potential amount with a set value, and out- 
puts, e.g., abnormal value AV1 and AV2 to the determi- 
nation circuit 35214. The temporal change in potential 
amount can be calculated by the same method as men- 
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tioned above by performing the processing function in 
the determination circuit 35214 by the detection unit 
35212. The internal arrangement of the determination 
circuit 35214 may include an arithmetic processing sys- 
tem having an A/D conversion circuit, CPU, and the like, 
as described in the seventh embodiment. In this case, 
a potential change rate calculation means comprises 
the comparator 35211 and detection unit 35212, and a 
discharge prediction means comprises the potential 
change rate calculation means and determination circuit 
35214. 

[0261] Fig. 39 shows a failsafe sequence used in the 
eighth embodiment. 

[0262] As processing corresponding to failsafe con- 
trol, the determination circuit 3521 4 determines whether 
the changes AV1 and AV2 of the potential a may cause 
discharge (step S111), and notifies the user (operator) 
of the abnormal state via a processing control unit 3521 3 
and a warning means 35216 (step S113). A protection 
control means comprises the processing control unit 
3521 3 and determination circuit 35214. 
[0263] The contents of the notice properly correspond 
to the abnormal state, similar to the seventh embodi- 
ment (step S112). In the above example, a message of 
turning off the TV switch SW is displayed or output by 
voice from the speaker. 

[0264] The determination circuit 35214 sets the fail- 
safe mode against discharge in the panel (step S114). 
The mode is set to either "MODE 2" or "MODE 3' be- 
cause discharge will occur at high probability in this ex- 
ample. As for failsafe control when discharge actually 
occurs, the discharge is detected by the comparator 
35211 and detection unit 35212 in the surface potential 
detection unit, and the detection signal is input to the 
determination circuit 35214 to execute failsafe control, 
similar to the seventh embodiment. In this case, the no- 
tice in the step S105 of the failsafe sequence in the sev- 
enth embodiment shown in Fig. 37 has already been ex- 
ecuted in step S11 3 and thus can be omitted. 
[0265] When the value of the surface potential elec- 
trode 341 7 in the panel is very stable tike AV1 ' and AV2' 
of the potential b, the change amounts are equal to or 
smaller than the set value, the probability of generation 
of discharge is determined to be low, and the failsafe 
mode is set to "MODE 1" (step S119). In this case, the 
user is notified in accordance with a normal failsafe se- 
quence (steps S120 and S121). 

[0266] The eighth embodiment is different from the 
seventh embodiment in that the user is notified of the 
abnormal state of the panel and the failsafe mode is se- 
lected before discharge occurs. As a failsafe setting cri- 
terion for "MODE 2" or "MODE 3" in estimating dis- 
charge, when changes in potential amounts of a plurality 
of surface potential electrodes 3417 exceed the set val- 
ue of the change amount, or when the potential amount 
steeply changes, "MODE 3" is set. When the number of 
electrodes which exhibit potentials exceeding the set 
value is small, the influence on the panel is determined 



to be small, and "MODE 2" is selected. Processing 
(steps S116, S117, and S118) after selecting "MODE 2" 
or "MODE 3" is the same as in the seventh embodiment, 
and a description thereof will be omitted. 
5 [0267] Similar to the seventh embodiment, the notice 
to the user may be output to an indicator 3562 or a 
speaker 3563 mounted on the front surface ol the dis- 
play, as shown in Fig. 38. 

[0268] As described above, the eighth embodiment 
10 realizes estimation of the internal state of the panel and 
failsafe control by detecting the gradients of temporal 
changes in potentials of a plurality of surface potential 
electrodes. 

[0269] In the eighth embodiment, generation of dis- 
charge is estimated from the change amount of the sur- 
face potential. Generation of discharge can also be pre- 
dicted by comparing the absolute value of a surface po- 
tential measured by the comparator 35211 and detec- 
tion unit 35212 with the set value, and if the measured 
value exceeds the set value, outputting a signal from the 
detection unit 35212 to the determination circuit 35214. 
In this case, the comparator 35211 and detection unit 
3521 2 constitute a comparison means, and the compar- 
ison means and determination circuit 35214 constitute 
a discharge prediction means. 

[0270] In both the seventh and eighth embodiments, 
the message indicator 3562 is of a scheme of displaying 
a message to the user, but may be of another scheme 
of notifying an abnormal state by turning on, e.g., a lamp 
or LED. In addition, the speaker 3563 may output warn- 
ing sound other than voice as long as the user can rec- 
ognize an abnormal state. 

[0271] The surface potential measurement electrode 
341 7 is arranged outside the device area within the pan- 
el. However, the number of electrodes, the arrangement 
position, and the electrode shape are not particularly 
limited. To accurately detect discharge, the number of 
electrodes may be increased. The electrode may be ar- 
ranged near the device as close as possible. 
[0272] According to the image display apparatus of 
the present invention, face-safe control can be executed 
for the display apparatus by predicting generation of dis- 
charge or the state in which discharge readily occurs. 
Moreover, the atmosphere in the display apparatus can 
be estimated by providing a means for detecting gener- 
ated discharge and recording the history of the genera- 
tion time and date of the discharge. 
[0273] By this means, the user (operator) can be no- 
tified of an abnormality (state) by a warning output (dis- 
play or voice). 

[0274] As a result, the panel or user can be protected, 
and a high-reliability display apparatus can be provided. 

<Manufacturing Method of Mufti Electron Source> 

[0275] A method of manufacturing the multi electron 
source used in the display panel of this embodiment will 
be described below. In the multi electron source used in 
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the image display apparatus of this embodiment, any 
type of electron emission devices, and any material, 
shape, and manufacturing method for cold cathode de- 
vice devices may be employed, especially an electron 
source arranging cold cathode devices in a simple ma- s 
trix is preferable. Therefore, cold cathode devices such 
as surface-conduction type emission devices, FE type 
devices, or MIM type devices can be used. 
[0276] Under circumstances where inexpensive dis- 
play apparatuses having large display areas are re- io 
quired, a surface-conduction type emission device, of 
these cold cathode devices, is especially preferable. 
More specifically, the electron-emitting characteristic of 
an FE type device is greatly influenced by the relative 
positions and shapes of the emitter cone and the gate is 
electrode, and hence a high-precision manufacturing 
technique is required to manufacture this device. This 
poses a disadvantageous factor in attaining a large dis- 
play area and a low manufacturing cost. According to 
an MIM type device, the thicknesses of the insulating 20 
layer and the upper electrode must be decreased and 
made uniform. This also poses a disadvantageous fac- 
tor in attaining a large display area and a low manufac- 
turing cost. In contrast to this, a surface-conduction type 
emission device can be manufactured by a relatively 25 
simple manufacturing method, and hence an increase 
in display area and a decrease in manufacturing cost 
can be attained. The present inventors have also found 
that among the surface-conduction type emission devic- 
es, an electron source having an electron-emitting por- 30 
tion or its peripheral portion consisting of a fine particle 
film is excellent in electron-emitting characteristic and 
can be easily manufactured. Such a device can there- 
fore be most suitably used for the multi electron source 
of a high-brightness, large-screen image display appa- 35 
ratus. For this reason, in the display panel 101 of this 
embodiment, surface-conduction type emission devices 
each having an electron-emitting portion or its peripher- 
al portion made of a fine particle film are used. The basic 
structure and manufacturing method of the preferred 40 
surface-conduction type emission device will be de- 
scribed. 

(Preferred Structure of Surface-Conduction Type 
Emission Device and Preferred Manufacturing Method) 

[0277] Typical examples of surface-conduction type 
emission devices each having an electron-emitting por- 
tion or its peripheral portion made of a fine particle film 
include two types of devices, namely flat and step type &> 
devices. 

(Flat Surface-Conduction Type Emission Device) 

[0278] First, the structure and manufacturing method ss 
of a flat surface-conduction type emission device will be 
described. 

[0279] Figs. 1 9A and 1 9B are a plan view and a sec- 



tional view, respectively, for explaining the structure of 
the flat surface-conduction type emission device. 
[0280] Referring to Figs. 1 9A and 1 9B, reference nu- 
meral 1011 denotes a substrate; 1102 and 1103, device 
electrodes; 1104, a conductive thin film; 1105, an elec- 
tron-emitting portion formed by the forming processing; 
and 1113, a thin film formed by the activation process- 
ing. As the substrate 1011 , various glass substrates of, 
e.g., quartz glass and soda-lime glass, various ceramic 
substrates of, e.g., alumina, or any of those substrates 
with an insulating layer formed thereon can be em- 
ployed. 

[0281] The device electrodes 1 102 and 1 1 03, provid- 
ed in parallel to the substrate 1011 and opposing to each 
other, comprise conductive material. Examples of the 
material are metals such as Ni, Cr, Au, Mo, W, Pt, Ti, 
Cu, Pd, and Ag, alloys of these metals, metal oxides 
such as In 2 0 3 -Sn0 2 , and semiconductors such as poly- 
silicon. These electrodes 1102 and 1103 can be easily 
formed by the combination of a film-forming technique 
such as vacuum-evaporation and a patterning tech- 
nique such as photolithography or etching, however, 
any other method (e.g., printing technique) may be em- 
ployed. 

[0282] The shape of the electrodes 1 1 02 and 1 1 03 is 
appropriately designed in accordance with an applica- 
tion object of the electron-emitting device. Generally, an 
interval L between electrodes is designed by selecting 
an appropriate value in a range from several hundred A 
to several hundred ^im. Most preferable range for a dis- 
play apparatus is from several |im to several ten um As 
for electrode thickness d, an appropriate value is select- 
ed in a range from several hundred A to several pm. 
[0283] The conductive thin film 1 1 04 comprises a fine 
particle film. The "fine particle film" is a film which con- 
tains a lot of fine particles (including masses of particles) 
as film-constituting members. In microscopic view, nor- 
mally individual particles exist in the film at predeter- 
mined intervals, or in adjacent to each other, or over- 
lapped with each other. 

[0284] One particle has a diameter within a range 
from several A to thousand A. Preferably, the diameter 
is within a range from 10 A to 200 A. The thickness of 
the fine particle film is appropriately set in consideration 
of conditions as follows. That is, condition necessary for 
electrical connection to the device electrode 1102 or 
1103, condition for the forming processing to be de- 
scribed later, condition for setting electrical resistance 
of the fine particle film itself to an appropriate value to 
be described later etc. Specifically, the thickness of the 
film is set in a range from several A to thousand A, more 
preferably, 10 A to 500 A. 

[0285] Examples of the material used for forming the 
fine particle film are metals such as Pd, Pt, Ru, Ag, Au, 
Ti, In, Cu, Cr, Fe, Zn, Sn, Ta, W and Pb, oxides such as 
PdO, Sn0 2 , ln 2 0 3 , PbO and Sb 2 0 3 , borides such as 
HfB^ ZrB2, LaB 6 , CeBg, YB 4 , and GdB 4 , carbides such 
as TiC, ZrC, HfC, TaC, SiC, and WC, nitrides such as 
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TIN, ZrN, and Hf N, semiconductors such as Si and Ge, 
and carbons. Any material is appropriately selected. 
[0286] As described above, the conductive thin film 
1 1 04 is formed with a fine particle film, and sheet resist- 
ance of the film is set to reside within a range from 10 3 
to 10 7 (fl/D). 

[0287] As it is preferable that the conductive thin film 
1104 is electrically connected to the device electrodes 
1 1 02 and 1 1 03, they are arranged so as to overlap with 
each other at one portion. In Fig. 19A, the respective 
parts overlap, in the order of the substrate, device elec- 
trodes, and conductive thin film from the bottom. How- 
ever, they may overlap in the order of the substrate, con- 
ductive thin film, and device electrodes from the bottom. 
[0288] The electron-emitting portion 1 1 05 is a fissured 
portion formed at part of the conductive thin film 1104. 
The electron-emitting portion 1105 has a resistance 
characteristic higher than peripheral conductive thin 
film. The fissure is formed by the forming processing to 
be described later on the conductive thin film 1104. In 
some cases, particles, having a diameter of several A 
to several hundred A, are arranged within the fissured 
portion. As it is difficult to exactly illustrate actual position 
and shape of the electron-emitting portion, therefore, 
Figs. 19A and 1 9B show the fissured portion schemati- 
cally. 

[0289] The thin film 1 1 1 3 made of carbon or a carbon 
compound covers the electron-emitting portion 1115 
and its peripheral portion. The thin film 1113 is formed 
by the activation processing to be described later after 
the forming processing. 

[0290] The thin film 111 3 is preferably made of graph- 
ite monocrystalline, graphite polycrystailine, amorphous 
carbon, or mixture thereof, and the thickness is 500 A 
or less and more preferably, 300 A or less. As it is difficult 
to exactly illustrate actual position or shape of the thin 
film 1113, Figs. 1 9A and 1 9B show the film schematical- 
ly. Fig. 1 9A shows the device where part of the thin film 
1 1 1 3 is removed. 

[0291] The preferred basic structure of the surface- 
conduction type emission device is as described above. 
In the embodiment, the device has the following constit- 
uents. 

[0292] That is, the substrate 1011 comprises a soda- 
lime glass, and the device electrodes 1102 and 1103, 
an Ni thin film. The electrode thickness d is 1 ,000 A and 
the electrode interval L is 2 urn. 

[0293] The main material of the fine particle film is Pd 
or PdO. The thickness of the fine particle film is about 
100 A, and its width W is 100 urn. 
[0294] Next, a method of manufacturing a preferred 
flat surface-conduction type emission device will be de- 
scribed with reference to Figs. 20A to 20D which are 
sectional views showing the manufacturing processes 
of the surface-conduction type emission device. Note 
that reference numerals are the same as those in Figs. 
19Band19A. 

[0295] (1 ) First, as shown in Fig. 20 A, the device elec- 



trodes 1 1 02 and 1 1 03 are formed on the substrate 1011. 
[0296] In forming the device electrodes 1102 and 
1103, the substrate 1011 is fully washed with a deter- 
gent, pure water and an organic solvent, then, material 

5 of the device electrodes is deposited there. (As a de- 
positing method, a vacuum film-forming technique such 
as evaporation and sputtering may be used.) Thereafter, 
patterning using a photolithography etching technique 
is performed on the deposited electrode material. Thus, 

10 the pair of device electrodes ( 1 1 02 and 1 1 03) shown in 
Fig. 19A are formed. 

[0297] (2) Next, as shown in Fig. 20B, the conductive 
thin film 1104 is formed. In forming the conductive thin 
film 1 1 04, first, an organic metal solvent is applied to the 

is substrate 1011 in Fig. 20 A, and then the applied solvent 
is dried and sintered, thus forming a fine particle film. 
Thereafter, the fine particle film is patterned into a pre- 
determined shape by the photolithography etching 
method. The organic metal solvent means a solvent of 

20 organic metal compound containing material of minute 
particles, used for forming the conductive thin film, as 
main component. (More specifically, Pd is used in this 
embodiment. In the embodiment, application of organic 
metal solvent is made by dipping, however, any other 

25 method such as a spinner method and spraying method 
may be employed.) 

[0298] As a film-forming method of the conductive thin 
film made with the minute particles, the application of 
organic metal solvent used in the embodiment can be 

30 replaced with any other method such as a vacuum evap- 
oration method, a sputtering method or a chemical va- 
por-phase accumulation method. 
[0299] (3) Then, as shown in Fig. 20C, appropriate 
voltage is applied between the device electrodes 1102 

35 and 1103, from a power source 1110 for the forming 
processing, then the forming processing is performed, 
thus forming the electron-emitting portion 1105. 
[0300] The forming processing here is electric ener- 
gization of a conductive thin film 1104, for example, 

40 made of a fine particle film to appropriately destroy, de- 
form, or deteriorate part of the conductive thin film, thus 
changing the film to have a structure suitable for electron 
emission. In the conductive thin film made of the fine 
particle film, the portion, changed for electron emission 

45 (j. e., electron-emitting portion 1 1 05) has an appropriate 
fissure in the thin film. Comparing the thin film 11 04 hav- 
ing the electron-emitting portion 1105 with the thin film 
before the forming processing, the electrical resistance 
measured between the device electrodes 1102 and 

50 1 1 03 has greatly increased. 

[0301] The electrification method will be explained in 
more detail with reference to Fig. 21 showing an exam- 
ple of the waveform of appropriate voltage applied from 
the forming power source 1110. Preferably, in case of 

55 forming a conductive thin film of a fine particle film, a 
pulse-like voltage is employed. In this embodiment, as 
shown in Fig. 21 , a triangular-wave pulse having a pulse 
width T1 is continuously applied at pulse interval of T2. 
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Upon application, a wave peak value Vpf of the triangu- 
lar-wave pulse is sequentially increased. Further, a 
monitor pulse Pm to monitor status of forming the elec- 
tron-emitting portion 1105 is inserted between the trian- 
gular-wave pulses at appropriate intervals, and current s 
that flows at the insertion is measured by a galvanom- 
eter 1111. 

[0302] In this embodiment, in 10 -5 Torr vacuum at- 
mosphere, the pulse width T1 is set to 1 msec; and the 
pulse interval 12, to 10 msec. The wave peak value Vpf io 
is increased by 0. 1 V, at each pulse. Each time the tri- 
angular-wave has been applied for five pulses, the mon- 
itor pulse Pm is inserted. To avoid ill-effecting the form- 
ing processing, a voltage Vpm of the monitor pulse is 
set to 0. 1 V. When the electrical resistance between the is 
device electrodes 1102 and 1103 becomes 1 x 10 6 , i. 
e. , the cu rrent measured by the galvanometer 1111 upon 
application of monitor pulse becomes 1 X 1 0 -7 A or less, 
the electrification of the forming processing is terminat- 
ed. 20 
[0303] Note that the above processing method is pref- 
erable for the surface-conduction type emission device 
of this embodiment. In case of changing the design of 
the surface-conduction type emission device concern- 
ing, e.g., the material or thickness of the fine particle 25 
film, or the device electrode interval L, the conditions for 
electrification are preferably changed in accordance 
with the change of device design. 
[0304] (4) Next, as shown in Fig. 20D, appropriate 
voltage is applied, from an activation power source 30 
1112, between the device electrodes 1102 and 1103, 
and the activation processing is performed to improve 
electron-emitting characteristic. 

[0305] The activation processing here is electrifica- 
tion of the electron-emitting portion 1105 formed by the 35 
forming processing, on appropriate conditions, for de- 
positing carbon or carbon compound around the elec- 
tron-emitting portion 1105. (In Fig. 20D, the deposited 
material of carbon or carbon compound is shown as ma- 
terial 1113.) Comparing the electron-emitting portion 40 
1105 with that before the activation processing, the 
emission current at the same application voltage has be- 
come typically 100 times or more. 
[0306] The activation is made by periodically applying 
a voltage pulse in 1 0r* or 1 0 -5 Torr vacuum atmosphere, 45 
to accumulate carbon or carbon compound mainly de- 
rived from an organic compound existing in the vacuum 
atmosphere. The accumulated material 1113 is any of 
graphite monocrystalline, graphite porycrystalline, 
amorphous carbon or mixture thereof. The thickness of so 
the accumulated material 1113 is 500 A or less, more 
preferably, 300 A or less. 

[0307] The electrification method will be described in 
more detail with reference to Fig. 22A showing an ex- 
ample of the waveform of appropriate voltage applied ss 
from the activation power source 1112. In this embodi- 
ment, the activation processing is performed by period- 
ically applying a rectangular wave at a predetermined 



voltage. A rectangular-wave voltage Vac is set to 14 V; 
a pulse width T3, to 1 msec; and a pulse interval T4, to 
10 msec. Note that the above electrification conditions 
are preferable for the surface-conduction type emission 
device of the embodiment. In the case in which the de- 
sign of the surface-conduction type emission device is 
changed, the electrification conditions are preferably 
changed in accordance with the change of device de- 
sign. ■ 

[0308] In Fig. 20D, reference numeral 1114 denotes 
an anode electrode, connected to a direct-current (DC) 
high-voltage power source 1115 and a galvanometer 
1116, for capturing emission current le emitted by the 
surface-conduction type emission device. (In the case 
in which the substrate 1011 is incorporated into the dis- 
play panel before the activation processing, the Al layer 
on the fluorescent surface of the display panel is used 
as the anode electrode 1114). While applying voltage 
from the activation power source 1112, the galvanome- 
ter 1116 measures the emission current le, thus moni- 
tors the progress of activation processing, to control op- 
eration of the activation power source 1112. Fig. 22B 
shows an example of the emission current le measured 
by the galvanometer 1116. As application of pulse volt- 
age from the activation power source 111 2 is started in 
this manner, the emission current le increases with 
elapse of time, gradually comes into saturation, and al- 
most never increases then. At the substantial saturation 
point, the voltage application from the activation power 
source 1112 is stopped, then the activation processing 
is terminated. 

[0309] Note that the above electrification conditions 
are preferable for the surface-conduction type emission 
device of the embodiment. In case of changing the de- 
sign of the surface-conduction type emission device, the 
conditions are preferably changed in accordance with 
the change of device design. 

[0310] As described above, the surface-conduction 
type emission device as shown in Fig. 20 E is manufac- 
tured. 

(Step Type of Surface-Conduction Type Emission 
Device) 

[0311] Next, another typical structure of the surface- 
conduction type emission device where an electron- 
emitting portion or its peripheral portion is formed of a 
fine particle film, Le., a step type of surface-conduction 
type emission device will be described. 
[0312] Fig. 23 is a sectional view schematically show- 
ing the basic construction of the step surface-conduc- 
tion type emission device. Referring to Fig. 23, refer- 
ence numeral 1201 denotes a substrate; 1202 and 
1203, device electrodes; 1206, a step forming member 
for making height difference between the electrodes 
1 202 and 1 203; 1 204, a conductive thin film using a fine 
particle film; 1205, an electron-emitting portion formed 
by the forming processing; and 1 21 3, a thin film formed 
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by the activation processing. 
[031 3] The difference between the step and flat de- 
vices is that one of the device electrodes (1202 in this 
example) is formed on the step-forming member 1206 
and the conductive thin film 1204 covers the side sur- s 
face of the step-forming member 1 206. The device in- 
terval L in Fig. 19A is set in this structure as a height 
difference Ls corresponding to the height of the step- 
forming member 1 206. Note that the substrate 1 201 , de- 
vice electrodes 1 202 and 1 203, and conductive thin film 10 
1204 using the fine particle film can comprise the mate- 
rials given in the explanation of the flat surface-conduc- 
tion type emission device. Further, the step-forming 
member 1206 contains an electrically isolating material 
such as Si0 2 . is 
[0314] Next, a method of manufacturing the step sur- 
face-conduction type emission device will be described. 
[0315] Figs. 24A to 24F which are sectional views 
showing the manufacturing processes. In these figures, 
reference numerals of the respective parts are the same 20 
as those in Fig. 23. 

(1) First, as shown in Fig. 24A, the device electrode 

1203 is formed on the substrate 1 201 . 

(2) Next, as shown in Fig. 24B, an insulating layer 2s 
for forming the step-forming member is deposited. 
The insulating layer may be formed by accumulat- 
ing, e.g., SiO a by a sputtering method, however, the 
insulating layer may be formed by a film-forming 
method such as a vacuum evaporation method or 30 
a printing method. 

(3) As shown in Fig. 24C, the device electrode 1 202 
is formed on the insulating layer. 

(4) As shown in Fig. 24D, part of the insulating layer 

is removed by using, e.g., an etching method, to ex- 35 
pose the device electrode 1203. 

(5) As shown in Fig. 24E, the conductive thin film 

1204 using the fine particle film is formed. Upon for- 
mation, similar to the above-described flat device 
structure, a film-forming technique such as an ap- 40 
plying method is used. 

(6) Similar to the flat device structure, the forming 
processing is performed to form an electron-emit- 
ting portion. (The forming processing similar to that 
explained using Fig. 20C may be performed). 45 

(7) Similar to the flat device structure, the activation 
processing is performed to deposit carbon or car- 
bon compound around the electron-emitting por- 
tion. (Activation processing similar to that explained 
using Fig. 20D may be performed). so 

[031 6] As described above, the step surface-conduc- 
tion type emission device shown in Fig. 24F is manufac- 
tured. 
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(Characteristic of Surface-Conduction Type Emission 
Device Used in Display Apparatus) 

[0317] The structure and manufacturing method of 
the flat surface-conduction type emission device and 
those of the step surface-conduction type emission de- 
vice are as described above. Next, the characteristic of 
the electron-emitting device used in the display appara- 
tus will be described below. 

[0318] Fig. 25 shows a typical example of (emission 
current le) to (device voltage (i.e., voltage to be applied 
to the device) Vf) characteristic and (device current If) 
to (device application voltage Vf) characteristic of the 
device used in the display apparatus. Note that com- 
pared with the device current If, the emission current le 
is very small, therefore it is difficult to illustrate the emis- 
sion current I e by the same measure of that for the de- 
vice current If. In addition, these characteristics change 
due to change of designing parameters such as the size 
or shape of the device. For these reasons, two lines in 
the graph of Fig. 25 are respectively given in arbitrary 
units. 

[0319] Regarding the emission current le, the device 
used in the display apparatus has three characteristics 
as folbws: 

[0320] First, when voltage of a predetermined level 
(referred to as "threshold voltage V ft ") or more is applied 
to the device, the emission current le drastically increas- 
es, however, with voltage lower than the threshold volt- 
age Vft, almost no emission current le is detected. That 
is, regarding the emission current le, the device has a 
nonlinear characteristic based on the clear threshold 
voltage V^. 

[0321] Second, the emission current le changes in de- 
pendence upon the device application voltage Vf. Ac- 
cordingly, the emission current le can be controlled by 
changing the device voltage Vf . 
[0322] Third, the emission current le is output quickly 
in response to application of the device voltage Vf to the 
device. Accordingly, an electrical charge amount of 
electrons to be emitted by the device can be controlled 
by changing period of application of the device voltage 
Vf. 

[0323] The surface-conduction type emission device 
with the above three characteristics is preferably applied 
to the display apparatus. For example, in a display ap- 
paratus having a large number of devices provided cor- 
responding to the number of pixels of a display screen, 
if the first characteristic is utilized, display by sequential 
scanning of display screen is possible. This means that 
the threshold voltage V^ or more is appropriately ap- 
plied to a driven device in accordance with a desired 
emission luminance, while voltage lower than the 
threshold voltage V th is applied to an unselected device. 
In this manner, sequentially changing the driven devices 
enables display by sequential scanning of display 
screen. 

[0324] Further, emission luminance can be controlled 



EP 0 953 958 A2 



27 



53 EP 0 953 958 A2 54 



by utilizing the second or third characteristic, which en- 
ables gradation display. 

[0325] Fig. 26 is a block diagram showing an example 
of a display apparatus capable of displaying image in- 
formation provided from various image information s 
sources such as television broadcasting on a display 
panel using the surface-conduction type emission de- 
vice of this embodiment as an electron source. Referring 
to Fig. 26, reference numeral 2100 denotes a display 
panel; 21 01 , a driving circuit for the display panel; 21 02, 
a display controller; 2103, a multiplexer; 2104, a decod- 
er; 2105, an I/O interface circuit; 2106, a CPU; 2107, an 
image generation circuit; 2108, 2109, and 2110, image 
memory interface circuits; 2111, an image input inter- 
face circuit; 21 12 and 21 13, TV signal reception circuits; 
and 2114, an input portion. 

[0326] In the display apparatus of this embodiment, 
upon reception of a signal containing both video infor- 
mation and audio information such as a TV signal, the 
video information is displayed while the audio informa- 
tion is reproduced. A description of a circuit or a speaker 
for reception, division, reproduction, processing, stor- 
age, or the like of the audio information, which is not 
directly related to the features of the present invention, 
will be omitted. The functions of the respective parts will 
be explained in accordance with the flow of an image 
signal. 

[0327] The TV signal reception circuit 2113 receives 
a TV image signal transmitted using a radio transmis- 
sion system such as radio waves or spatial optical com- 
munication. The scheme of the TV signal to be received 
is not particularly limited, and is the NTSC scheme, the 
PAL scheme, the SECAM scheme, or the like. A more 
preferable signal source to take the advantages of the 
display panel realizing a large area and a large number 
of pixels is a TV signal (e.g., a so-called high-quality TV 
of the MUSE scheme or the like) made up of a larger 
number of scanning lines than that of the TV signal of 
the above scheme. The TV signal received by the TV 
signal reception circuit 2113 is output to the decoder 
2104. 

[0328] The TV signal reception circuit 2112 receives 
a TV image signal transmitted using a wire transmission 
system such as a coaxial cable or optical fiber. The 
scheme of the TV signal to be received is not particularly 
limited, as in the TV signal reception circuit 2113. The 
TV signal received by the circuit 2112 is also output to 
the decoder 2104. 

[0329] The image input interface circuit 2111 receives 
an image signal supplied from an image input device 
such as a TV camera or image read scanner, and out- 
puts it to the decoder 21 04. The image memory interface 
circuit 2110 receives an image signal stored in a video 
tape recorder (to be briefly referred to as a VTR herein- 
after), and outputs it to the decoder 2104. The image 
memory interface circuit 2109 receives an image signal 
stored in a video disk, and outputs it to the decoder 
21 04. The image memory interface circuit 21 08 receives 



an image signal from a device storing still image data 
such as a so-caHed still image disk, and outputs the re- 
ceived still image data to the decoder 2104. 
[0330] The I/O interface circuit 21 05 connects the dis- 
play apparatus to an external computer, computer net- 
work, or output device such as a printer. The I/O inter- 
face circuit 2105 allows inputting/outputting image data, 
character data, and graphic information, and in some 
cases inputting/outputting a control signal and numeri- 
cal data between the CPU 21 06 of the display apparatus 
and an external device. 

[0331] The image generation circuit 2107 generates 
display image data on the basis of image data or char- 
acter/graphic information externally input via the I/O in- 
terface circuit 2105, or image data or character/graphic 
information output from the CPU 2106. This circuit 2107 
incorporates circuits necessary to generate images 
such as a programmable memory for storing image data 
and character/graphic information, a read-only memory 
storing image patterns corresponding to character 
codes, and a processor for performing image process- 
ing. Display image data generated by the circuit 2107 is 
output to the decoder 2104. In some cases, display im- 
age data can also be input/output from/to an external 
computer network or printer via the I/O interface circuit 
2105. 

[0332] The CPU 2106 mainly performs control of op- 
eration of this display apparatus, and operations about 
generation, selection, and editing of display images. For 
example, the CPU 2106 outputs a control signal to the 
multiplexer 2103 to properly select or combine image 
signals to be displayed on the display panel. At this time, 
the CPU 2106 generates a control signal to the display 
panel controller 2102 in accordance with the image sig- 
nals to be displayed, and appropriately controls opera- 
tion of the display apparatus in terms of the screen dis- 
play frequency, the scanning method (e.g., interlaced or 
non-interlaced scanning), the number of scanning lines 
for one frame, and the like. The CPU 2106 directly out- 
puts image data or character/graphic information to the 
image generation circuit 2107. In addition, the CPU 
21 06 accesses an external computer or memory via the 
I/O interface circuit 2105 to input image data or charac- 
ter/graphic information. The CPU 21 06 may also be con- 
cerned with operations for other purposes. For example, 
the CPU 2106 can be directly concerned with the func- 
tion of generating and processing information, like a per- 
sonal computer or wordprocessor. Alternatively, the 
CPU 2106 may be connected to an external computer 
network via the I/O interface circuit 2105 to perform op- 
erations such as numerical calculation in cooperation 
with the external device. 

[0333] The input portion 2114 allows the user to input 
an instruction, program, or data to the CPU 2106. As the 
input portion 2114, various input devices such as a joy- 
stick, bar code reader, and speech recognition device 
are available in addition to a keyboard and mouse. 
[0334] The decoder 2104 inversely converts various 
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image signals input from the circuits 2107 to 2113 into 
three primary color signals, or a luminance signal and I 
and Q signals. As is indicated by the dotted line in Fig. 
26, the decoder 2104 desirably incorporates an image 
memory in order to process a TV signal of the MUSE s 
scheme or the like which requires an image memory in 
inverse conversion. This image memory advantageous- 
ly facilitates display of a still image, or image processing 
and editing such as thinning, interpolation, enlargement, 
reduction, and synthesis of images in cooperation with 10 
the image generation circuit 2107 and CPU 2106. 
[0335] The multiplexer 2103 appropriately selects a 
display image on the basis of a control signal input from 
the CPU 2106. More specifically, the multiplexer 2103 
selects a desired one of the inversely converted image is 
signals input from the decoder 2104, and outputs the 
selected image signal to the driving circuit 2101 . In this 
case, the image signals can be selectively switched 
within a 1 -frame display time to display different images 
in a plurality of areas of one frame, like a so-called mul- 20 
tiwindow television. 

[0336] The display pan el controller 2 1 02 controls op- 
eration of the driving circuit 21 01 on the basis of a control 
signal input from the CPU 2106. 

[0337] As for the basic operation of the display panel, 2s 
the display panel controller 2102 outputs, e.g., a signal 
for controlling the operation sequence of a driving power 
source (not shown) of the display panel to the driving 
circuit 21 01 . As for the method of driving the display pan- 
el, the display panel controller 21 02 outputs, e.g. , a sig- 50 
nal for controlling the screen display frequency or scan- 
ning method (e.g., interlaced or non-interlaced scan- 
ning) to the driving circuit 2101 . In some cases, the dis- 
play panel controller 2102 outputs to the driving circuit 
2101 a control signal about adjustment of the image 3S 
quality such as the brightness, contrast, color tone, or 
sharpness of a display image. 

[0338] The driving circuit 2101 generates a driving 
signal to be applied to the display panel 2100, and op- 
erates based on an image signal input from the multi- 40 
plexer 2103 and a control signal input from the display 
panel controller 2102. 

[0339] The functions of the respective parts have 
been described. The arrangement of the display appa- 
ratus shown in Fig. 26 makes it possible to display image 45 
information input from various image information sourc- 
es on the display panel 2100. More specifically, various 
image signals such as television broadcasting image 
signals are inversely converted by the decoder 2104, 
appropriately selected by the multiplexer 21 03, and sup- so 
plied to the driving circuit 2101. On the other hand, the 
display controller 2102 generates a control signal for 
controlling operation of the driving circuit 2101 in ac- 
cordance with an image signal to be displayed. The driv- 
ing circuit 2101 applies a driving signal to the display ss 
panel 2100 on the basis of the image signal and control 
signal. As a result, the image is displayed on the display 
panel 2100. A series of operations are systematically 



controlled by the CPU 2106. 

[0340] In the display apparatus of this embodiment, 
the image memory incorporated in the decoder 2104, 
the image generation circuit 2107, and the CPU 2106 
can cooperate with each other to simply display selected 
ones of a plurality of pieces of image information and to 
perform, for the image information to be displayed, im- 
age processing such as enlargement, reduction, rota- 
tion, movement, edge emphasis, thinning, interpolation, 
color conversion, and conversion of the aspect ratio of 
an image, and image editing such as synthesis, erasure, 
connection, exchange, and pasting. Although not de- 
scribed in this embodiment, an audio circuit for process- 
ing and editing audio information may be arranged, sim- 
ilar to the image processing and the image editing. 
[0341 ] The display apparatus of this embodiment can 
therefore function as a display device for television 
broadcasting, a terminal device for video conferences, 
an image editing device processing still and dynamic im- 
ages, a terminal device for a computer, an office terminal 
device such as a wordprocessor, a game device, and 
the like. This display apparatus are useful for industrial 
and business purposes and can be variously applied. 
[0342] Fig. 26 merely shows an example of the ar- 
rangement of the display apparatus using the display 
panel having the surface-conduction type emission de- 
vice as an electron source. The present invention is not 
limited to this, as a matter of course. For example, 
among the constituents in Fig. 26, a circuit associated 
with a function unnecessary for the application purpose 
can be eliminated from the display apparatus. To the 
contrary, another constituent can be added to the dis- 
play apparatus in accordance with the application pur- 
pose. For example, when the display apparatus of this 
embodiment is used as a television telephone set, trans- 
mission and reception circuits including a television 
camera, audio microphone, lighting, and modem are 
preferably added as constituents. 
[0343] In the display apparatus of this embodiment, 
since particularly the display panel using the surface- 
conduction type emission device as an electron source 
can be easily made thin, the width of the whole display 
apparatus can be decreased. In addition to this, the dis- 
play panel using the surface-conduction type emission 
device as an electron source is easily increased in 
screen size and has a high brightness and a wide view 
angle. This display apparatus can therefore display an 
impressive image with reality and high visibility. 
[0344] The present invention is not limited to the 
above embodiments and various changes and modifi- 
cations can be made within the spirit and scope of the 
present invention. Therefore, to apprise the public of the 
scope of the present invention, the following claims are 
made. 
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Claims 

1 . An image display apparatus, characterized by com- 
prising: 

a display panel; and 

detection means for detecting a state of said 
display panel, 

characterized in that said image display ap- 
paratus is controlled in accordance with the state of 
said display panel. 

2. The apparatus according to claim 1 , wherein the 
state of said display panel is electrically detected. 

3. The apparatus according to claims 1 or 2, wherein 
the state of said display panel is detected by detect- 
ing a current flowing through said display panel. 

4. The apparatus according to any one of claims 1 to 

3, wherein the state of said display panel is detected 
by detecting a current flowing through an electrode 
arranged on said display panel. 

5. The apparatus according to any one of claims 1 to 

4, wherein said display panel comprises an electron 
source and an acceleration electrode for accelerat- 
ing electrons emitted from the electron source, and 
said detection means detects a current flowing 
through the acceleration electrode. 

6. The apparatus according to any one of claims 1 to 

5, wherein the state of said display panel is detected 
by measuring currents flowing through a plurality of 
portions on said display panel. 

7. The apparatus according to any one of claims 1 to 

6, wherein said display panel comprises an electron 
source and a plurality of acceleration electrodes for 
accelerating electrons emitted from the electron 
source, and said detection means individually de- 
tects currents flowing through the plurality of accel- 
eration electrodes. 

8. The apparatus according to any one of claims 1 to 

7, wherein said display panel comprises an electron 
source and an acceleration electrode for accelerat- 
ing electrons emitted from the electron source, and 
said detection means detects a current flowing 
through a current path between the electron source 
and the acceleration electrode. 

9. The apparatus according to any one of claims 1 to 

8, wherein said display panel comprises an electron 
source and an acceleration electrode for accelerat- 
ing electrons emitted from the electron source, and 
said detection means detects a current flowing 



through a spacer between the electron source and 
the acceleration electrode. 

10. The apparatus according to any one of claims 1 to 
s 9, wherein said detection means detects a current 

flowing through a current path arranged outside an 
image display area within said display panel. 

11. The apparatus according to any one of claims 1 to 
10 10, wherein said display panel comprises an elec- 
tron source, and the electron source comprises an 
electron-emitting device for emitting electrons for 
displaying an image, and an electron-emitting de- 
vice arranged to detect the state of said display pan- 

is el. 

12. The apparatus according to any one of claims 1 to 
11, wherein said display panel comprises an elec- 
tron source, an acceleration electrode for acceler- 

20 ating electrons emitted from the electron source, 
and an electron capture electrode arranged to de- 
tect the state of said display panel. 

13. The apparatus according to any one of claims 1 to 
25 12, wherein said display panel comprises an elec- 
tron source, an acceleration electrode for acceler- 
ating electrons emitted from the electron source, 
and an electron capture electrode arranged to de- 
tect the state of said display panel, and the electron 

30 source comprises an electron -emitting device for 
emitting electrons to the electron capture electrode. 

14. The apparatus according to claim 1, wherein said 
detection means detects the state of said display 

35 panel by detecting a potential of said display panel. 

15. The apparatus according to claim 1, wherein said 
detection means detects the state of said display 
panel by detecting a potential of an electrode ar- 

40 ranged in said display panel. 

16. The apparatus according to claim 1, wherein said 
display panel comprises an electron-emitting de- 
vice, and said detection means detects the state of 

4£ said display panel by detecting a potential of an 
electrode electrically isolated from the electron- 
emitting device. 

17. The apparatus according to claim 1, wherein said 
50 display panel comprises an electron source for 

emitting electrons, and said detection means de- 
tects the state of said display panel by detecting a 
potential of an electrode arranged on the electron 
source. 

55 

18. The apparatus according to any one of claims 1 to 
17, wherein said display panel comprises an elec- 
tron source for emitting electrons, and the state of 
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said display panel is detected while no electron is 
emitted by the electron source. 

19. The apparatus according to any one of claims 1 to 

18, wherein said display panel comprises an elec- 
tron source having a plurality of electron-emitting 
devices, the electron source emits electrons from 
respective electron-emitting devices while sequen- 
tially switching electron-emitting devices selected 
from the plurality of electron-emitting devices, and 
the state of said display panel is detected when 
electron-emitting devices to be selected are 
switched. 

20. The apparatus according to any one of claims 1 to 

19, wherein said detection means detects dis- 
charge in said display panel. 

21. The apparatus according to any one of claims 1 to 

20, wherein said detection means detects a state 
about discharge in said display panel. 

22. The apparatus according to any one of claims 1 to 
1 9, wherein said detection means detects a state 
about power consumption in said display panel. 

23. The apparatus according to any one of claims 1 to 

22, wherein said detection means detects a change 
in state of said display panel. 

24. The apparatus according to any one of claims 1 to 

23. further comprising memory means for storing in- 
formation detected by said detection means. 

25. The apparatus according to claim 24, wherein said 
memory means stores information about the 
number of abnormalities in said display panel. 

26. The apparatus according to claims 24 or 25, where- 
in said memory means stores information about a 
generation location of an abnormality in said display 
panel. 

27. The apparatus according to any one of claims 24 to 

26, wherein said memory means stores information 
about either one or both of a generation time and 
date and an end time and date of an abnormality in 
said display panel. 

28. The apparatus according to any one of claims 1 to 

27, wherein control of said image display apparatus 
in accordance with the state of said display panel is 
transfer of information by information transfer 
means. 

29. The apparatus according to any one of claims 1 to 

28, wherein control of said image display apparatus 
in accordance with the state of said display panel is 



control of transferring information for prompting an 
information receiving person to control said image 
display apparatus. 

s 30. The apparatus according to any one of claims 1 to 
29, wherein control of said image display apparatus 
in accordance with the state of said display panel is 
control of a driving voltage of said display panel. 

io 31 . The apparatus according to claim 30, wherein said 
display panel comprises an electron source and an 
acceleration electrode for accelerating electrons 
emitted from the electron source, and the voltage 
to be controlled is a voltage between the electron 

'5 source and the acceleration electrode. 

32. The apparatus according to claim 30, wherein said 
display panel comprises an electron source for 
emitting electrons upon application of a voltage, 

20 and the voltage to be controlled is the voltage for 
emitting the electrons. 

33. The apparatus according to any one of claims 1 to 

32, wherein said display panel comprises an airtight 
25 container for keeping an internal pressure lower 

than an ambient pressure, and control of said image 
display apparatus in accordance with the state of 
said display panel is control of increasing a vacuum 
degree in the airtight container. 

30 

34. The apparatus according to any one of claims 1 to 

33, wherein said display panel comprises an airtight 
container for keeping an internal pressure lower 
than an ambient pressure, and control of said image 

35 display apparatus in accordance with the state of 
said display panel is control of increasing a vacuum 
degree in the airtight container by a getter set in the 
airtight container. 

40 35. The apparatus according to any one of claims 1 to 

34, wherein control of said image display apparatus 
in accordance with the state of said display.panel is 
control of improving an abnormal state of said dis- 
play panel. 

45 

36. The apparatus according to any one of claims 1 to 

35, wherein control of said image display apparatus 
in accordance with the state of said display panel is 
selected from a plurality of control operations. 

so 

37. The apparatus according to any one of claims 1 to 

36, wherein control of said image display apparatus 
in accordance with the state of said display panel is 
selected from a plurality of control operations in ac- 

55 cordance with the state of said display panel. 

38. The apparatus according to any one of claims 1 to 

37, wherein said display panel comprises an elec- 
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tron source, and the electron source has a plurality 
of electron-emitting devices connected in a matrix 
by a plurality of first wirings and a plurality of second 
wirings extending in a direction intersecting to the 
first wirings. 5 

39. The apparatus according to any one of claims 1 to 

38, wherein said display panel comprises an elec- 
tron source, and the electron source comprises a 
cold cathode device. 10 

40. The apparatus according to any one of claims 1 to 

39, wherein said display panel is kept at a vacuum 
degree higher than an internal pressure of 10" 4 Torr 
when no abnormality occurs. is 

41. The apparatus according to any one of claims 1 to 

40, wherein said detection means detects the state 
of said display panel without destruction said detec- 
tion means. 20 

42. A television, characterized by comprising: 

a television signal input portion; 
a display panel; and 25 
detection means for detecting a state of said 
display panel, 

wherein the television is controlled in accord- 
ance with the state of said display panel. 



43. A computer display, characterized by comprising: 



30 



an input portion for inputting a signal from a 
computer; 

a display panel; and 35 
detection means for detecting a state of said 
display panel, ' 
wherein the computer display is controlled in 
accordance with the state of said display panel. 

40 

44. A method of controlling an image display apparatus 
having a display panel, characterized by comprising 
the steps of: 

detecting a state of said display panel; and 45 
controlling said image display apparatus in ac- 
cordance with the detected state. 
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FIG. 18A 
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